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NOTE 


This is volume 3 of the public hearings held May 5-8, 1959, on 
“Fallout From Nuclear Weapons Tests.” This volume is an ap- 
pendix to the hearings containing additional materials pertinent. to 
the discussions. These materials cover Supplemental Statements 
on General Aspects of Fallout Problem; the “Hot Spot” Prob- 
lem and Strontium 90 in Foods; AEC Quarterly Reports; Comments 
on General Advisory Committee Report Maximum Permissible Lev- 
els; Biological Effects; Carbon 14; Report of the United Nations 
Scientific Committee on the iiffects of Atomic Radiation 
clear Detonations and Meteorological Aspects; Classification and De- 
classification; Fallout Research and Organization; and a Bibliogra- 
phy. Volume 1 covers General Review of Developments Since the 
1957 Hearings; Summary of New Data on Atmospheric Fallout; and 
Global Fallout. Volume 2, starting with a Summary of New Data on 
Uptake in Milk, Food, and Human Bone, covers Fallout Mechanisms, 
Uptake; Developments in Radiation Biology: Discussion of Per- 
missible Exposure Levels; Status and Implie: ations of Testing; Dis- 
cussion of Surveillance; and Summary of Problems and Needs, In- 
cluding Level of Support. It is planned at a later date to publish a 
detailed index of the hearings. The index would appear as volume 4. 
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APPENDIXES 


APPENDIX A 


STATEMENTS FOR THE RECORD ON GENERAL ASPECTS OF FALLOUT 


A REVIEW OF INFORMATION ON THE GAMMA ENERGY RADIATION RATE FROM FISSION 
PRODUCTS, AND ITS SIGNIFICANCE FOR STUDIES OF RADIOACTIVE FALLOUT 


(By Harold A. Knapp) 


Office of Operations Analysis and Forecasting, U.S. Atomic Energy Commission, 
April 24, 1959 


SUMMARY 


Recent independent studies by the Naval Radiological Defense Laboratory and 
by scientists and engineers concerned with the shielding of nuclear reactors in- 
dicate that the gamma energy radiation rate from fission products of thermal 
neutron fission of U-“ for times between several minutes and 100 years differs 
significantly from the value predicted by the t*? decay law and other information 
given in the official Government publication ‘‘The Effects of Nuclear Weapons.” 
The difference occurs both in the absolute level of the energy release rate from 
a given quantity of fission products at some standard time following fission 
(usually taken as 1 hour), and in the relative variation of this rate with time. 

Based on “The Effects of Nuclear Weapons,” the gamma radiation rate is 
computed to be 0.58t"'? Mev/sec/10* fissions (t in hours). At 1 hour this rate is 
lower than that computed by the NRDL by a factor of 2.3; at 2 years it is 
greater by a factor of 7. The differences at other times are shown in table 1. 
A release rate of 0.87t-'? Mev/sec/10* fissions approximates the NRDL computa- 
tions to within 25 percent for times between 6 hours and 3 months following 
fission, but such a rate is uniformly 50 percent greater than that predicted by the 
rules given in “The Effects of Nuclear Weapons.” Changes in the gamma energy 
release rate associated with a given quantity of fission products may be re- 
flected in estimates of the fraction of the fission products created in a surface 
burst nuclear explosion which fall to earth as part of the local fallout, which 
in turn affects estimates of the fraction contained in the global fallout. This is 
because the fraction of the fission products contained in the local fallout has 
often been estimated by computing the areas associated with each dose rate 
level measured in roentgens/hour at 1 hour and deducting from this information 
the area distributions and total quantities of fission products contained in the 
local fallout on the basis of the data given in “The Effects of Nuclear Weapons.” 
Since the open field gamma dose rate in roentgens/hour from the radioactvity in 
fallout is very nearly proportional to the gamma energy release rate per unit 
area, a change in the gamma energy radiation rate associated with a given quan- 
tity of fission products will be reflected in a change in the quantity of fission 
products per unit area on the ground associated with a given measured dose 
rate level in roentgens/hour. The differences between the NRDL and “Effects 
of Nuclear Weapons” estimates of the roentgen dose rate associated with a 
fission product contamination level of 1 kiloton per square mile are shown in 
table 2. 

Another situation in which the differences between the NRDL computations 
and the information given in “The Effects of Nuclear Weapons” are of par- 
ticular interest arises in comparisons of the relative importance of fission 
products and induced activities for weapons of reduced fission yield. 

A review of available information on the energy release rate of fission products 
indicates that the NRDL results provide a more accurate representation of the 
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gamma energy release rate of the fission products from the thermal fission of 
U*™ than does the information given in “The Effects of Nuclear Weapons,” 
although this has not been confirmed by direct measurements for all time 
periods of interest. However, even if the energy release rates computed on the 
basis of the latest nuclear data are accurate for the thermal fission of U*™, 
there are three ways in which differences might arise between these results 
and the gumma energy release rate of fission products in weapons debris: 

1. Fissions in weapons are caused by neutrons with much higher energies than 
thermal neutrons, and the relative yields of the various fission products change 
as the energy of the neutrons causing fission changes. 

2. Pu™ and U™ are fissioned in many weapons, as well as U*’. In some 
high yield weapons a major fraction of the fissions is from U*. There are 
known differences in the fission yields of the different fissionable materials. 

3. There may be fractionation of isotopes in weapons debris which would 
cause the gamma energy release rate for the fission products found in the local 
fallout to differ at certain times following detonation from the release rate of 
the same number of fission products in the global fallout, and in both cases to 
differ from the release rate which would obtain if there were no fractionation— 
that is if all fission products attach themselves to fallout particles in the same 
proportions as they were created. 

Another complexity is introduced into measurements of the gamma energy 
radiation from actual weapons debris by the many activities induced in weapons 
materials and elements in the earths crust by the neutrons released in the 
detonation. At the present time it is often not possible to give a satisfactory 
explanation as to the measured shape of the gamma dose rate curve or to give 
a very firm estimate of the distribution of the radioactivity generated between 
the local and global fallout. 

DISCUSSION 


It is very nearly true that the open field, external dose rate in roentgens/hour 
caused by the fission products in radioactive fallout is proportional to the 
emission rate of the fission products. At present, most estimates of external 
gamma dose rates from the fission product fallout following an atomic or thermo- 
nuclear explosion are based on rules and information provided in “The Effects 
of Nuclear Weapons.”* Recent studies, however, indicate that the standard 
assumptions concerning gamma radiation rates from fission products may contain 
significant errors, particularly at times from 6 months to 3 years following 
detonation, but also in the first hours and days after the explosion. 

The first object of this report is to summarize available information con- 
cerning the gamma photon energy radiation rate from fission products, and to 
indicate the specific assumptions which now seem most suited for fallout 
evaluations. 

Determination of the gamma energy radiation rate from fission products may 
be broken down to two separate problems: 

1. The relative variation in the energy release rate with time. 

2. The absolute level of the energy release rate at some (standard) time 
from a fixed quantity of fission products. 

The recent studies indicate significant differences with the official estimates 
on both counts. 

The results given here will be expressed as Mev/sec/10* fissions. They can be 
translated to Mev/sec/kt fission or to kw/megawatt day of fission by the relations 


1 Mev/sec/10* fissions =1.34 x 10° Mev/sec/kt fission 
=44.8 kw/megawatt day fission 


According to “The Effects of Nuclear Weapons” : 

“9.110 The mixture of radioisotopes constituting the fission products is so 
complex that a mathematical representation of the rate of decay in terms of 
individual half lives is impractical. However, it has been found experimentally 
that for the period from several minutes to 2 or 3 years [italic added] after 
detonation the overall rate of radioactive disintegrations (or rate of emission of 
radiations) by the fission products can be represented, to a fair degree of accu- 
racy, by the relatively simple expression 


(9.110.1) Rate of Disintegration—A, t7* 


*Prepa~ed by the Department of Defense, published by the AEC, June 1, 1957. 
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where t is the time after formation of the fission products; i.e., the time after the 
explosion, and A; is a constant factor, defined as the rate of disintegration at 
unit time, that is dependent upon the quantity of fission products. This equation 
can also be used, with appropriate values for A, to give the rate of emission 
either of gamma rays or of beta particles. A beta particle is liberated in each 
act of disintegrations, but gamma ray photons are produced in about one-half 
only of the fission product disintegrations, the fraction varying with time after 
the explosion. 

“9.111 In considering the radiation dose (or dose rate) due to fission prod- 
ucts: e.g.. in fallout, the gamma rays, because of their long range and penetrat- 
ing power, are of greater significance than the beta particles, provided the radio- 
active material is not actually on the skin or within the body. Consequently the 
beta radiation can be neglected in estimating the variation with time of the dose 
rate from the residual nuclear radiation. If the fraction of fission product 
disintegration accompanied by gamma ray emission and the energy of the gamma 
ray photon remained essentially constant with time, the dose rate; e.f., roent- 
gens/hour, would be directly related to the rate of emission of gamma rays. AS 
mentioned in paragraph 9.34, this is not the case. The gamma rays in the early 
stages of fission product decay have, on the average, higher energies than in the 
later stages. However, for the periods of practical interest, commencing a few 
hours after the explosion, the mean energy of the gamma ray photons may be 
taken as essentially constant, at about 0.7 Mev. 

“9112 Although the fraction of gamma emitters varies with time, a fair ap- 
proximation based on equation (9.110.1) is that, at any time t after the explosion 


(9.112.1) Gamma radiation dose rate =R, t™** 


where R; is a constant. 

“9119 * * * using equation (9.110.1) as the basis, the total gamma activi- 
ties of all the fission products from a 1-megaton explosion have been calculated 
for various times after the detonation. The results are given in table 9.119. 


TABLE 9.119.— Total gamma radiation activity of fission products from a 1-megaton 
erplosion 

: ; Activity 
Time after explosion : (megacuries) 
300, 000. 0 
6, 600. 0 
0 
0 


9 
RADIATION DOSE RATES OVER CONTAMINATED SURFACES 


“9.120 If an area is uniformly contaminated with any radioactivity of known 
activity (in curies), it is possible to caleulate the gamma-radiation dose rate at 
various heights above the surface, provided the average energy of the gamma 
ray photons is known. The results of such calculations, assuming a contamina- 
tion density of 1 (gamma) megacuries per square mile, tor gamma rays having 
energies of 0.7 Mey, 1.5 Mev, and 3.0 Mev respectively, are represented in figure 
9.120. The curve for 0.7 Mey is approximately applicable to a surface contami- 
nated with fission products.” 

Notr.—The 0.7 curve shows a dose rate of 4.2 r/hr at 3 feet above the ground 
from a contamination level of 1 megacurie per square mile. The dose rate at 
this height for activities with other gamma photon energies vary approximately 
linearly with photon energies, so that 1 Mev photons would produce a dose rate 
of about 6 r/hr/megacuries/mi’. 

This information—namely the t** decay law, the 300 megacuries/kt at 1 hour 
following explosion, and the average photon energy per disintegration of .7 
Mev—together with the conversion factor 1 kt=1.34X 10 fissions, enables one to 
compute a gama energy release rate in Mev/sec/10' fissions for ready compari- 
son with the more recent data. The results are shown in table 1. The ana- 
lytical representation is given by 


Mev/sec/10‘ fission=.58t"* (t measured in hours) 
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Recent studies by the Naval Radiological Defense Laboratory *3* have mathe- 
matically synthesized the known facts concerning the formation and gamma 
decay of individual fission products to give a tabular representation of the 
energy emission rate as a function of time. These results are also shown in 
table 1. It is seen from table 1 that the NRDL results vary appreciably both 
above and below the energy release rate based on the standard assumptions. 
For the first day, the NRDL predicted gamma energy release rate is roughly 
twice that given by “The ETects of Nuclear Weapons”; from 1 day to 1 month 
it is generally higher by a factor of about 50 percent; from 1 year to 10 years 
it is smaller by a factor of from 2 to 7. Such variations in predicted energy 
release rate for a given level of contamination would have a sufficiently great 
effect on the problems of passive defense against fallout, in assessing the sig- 
nificance of induced activities in weapons of reduced fission yield, and in esti- 
mating the fraction of fission activity contained in local and global fallout that 
it is considered worth examining the literature both for the basis of the estimates 
given in “The Effects of Nuclear Weapons” and for any subsequent independent 
evaluations of fission product gamma energy release rates. 

Although no references are given in “The Effects of Nuclear Weapons,” the 
rules and information given there are evidently based primarily on a paper pre- 
pared by Way and Wigner in 1945 and later published in Physical Review (vol. 
73, p. 1818, June 1948). This 13-page paper, called “The Rate of Decay of 
Fission Products” gives a theoretical derivation of the combined gamma and 
beta activity and energy radiation rates following fission by treating the fission 
products as “a sort of statistical assembly.’”” The paper is based largely on a 
semiempirical formula for the energy differences between isobars as a function 
of mass number, and a rough empirical fifth power relatio1 between the half 
lives and disintegration energies of fission products. The theoretical results 
are compared with a tabulation of experimental results obtained in the wartime 
atomic energy project, and it is concluded that the comparison is fairly good. 
Explicit numerical conclusions are given for the combined gamma and beta 
energy radiation rates from fission products and for beta activity for times be 
tween 10° seconds and 1,000 days. 

An explicit Way-Wigner representation of the gross gamma photon energy 
release rate is found in an abstract of a paper presented to the American Physi- 


cal Society at Chicago in June 1946 (recorded on p. 115 of vol. 70 of the Physical 
Review, July 1946). 

According to that abstract— 

“* * * the radioactivity which follows a number of fissions is thus made up of 
a number of individual activities of many periods and energies. The energy 
emitted per second per fission at time t after a fission is given by 


Amaz 
j An(a, t)E (A) dd 
0 


where n (A, t) is the number of nuclei of decay constant A existing at time t 
after a fission. Evaluation of this expression gives, for times greater than 1 
day, the result 


Mev/sec/fission=3.75t*?+96t7** 


where t is measured in seconds. For shorter times a curve is given. This is 
the total energy emitted, including that carried by neutrinos. Agreement with 
experimental results is fairly good. Handy rules of thumb giving correct values 
within a factor of two for times between 10 seconds and 100 days are 


B+; Mev/sec/fission=2.66t7? 
\: Mev/sec/fission=1.26t7*? 


“The total disintegration energy per fission turns out to be 22+3 Mey.” 


2 USNRDL-—TR-160, “Proposed Decay Schemes for Some Fission Products and Other 
Radionuclides,” C. F. Miller, May 27, 1957. Unclassified. 

* USNRDL-TR-187, “Gamma Decay of Fission Products From the Low Neutrons Fission 
of U-235,.” C. F. Miller, July 11, 1957. Unclassified. 

* USNRDL-TR-247, “Ionization Rate and Photon Pulse Decay of Fission Products From 
the Slow Neutron Fission of U-235,” C. F. Miller, P. Loeb, Aug. 4, 1958. Unclassified. 
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The expression 
Mev/sec/fission=1.26t"* (t in seconds) 
is equivalent to 
Mev/sec/10‘ fissions=.68t* (t in hours), 


so that the y energy radiation rates predicted by this formula are uniformly 17 
percent greater than those obtained from “The Effects of Nuclear Weapons.” 

In a summary of the wartime experimental results on the rate of gamma 
energy radiation from fission products given in their 1948 Physical Review paper, 
Way and Wigner list three experimental results which apply to time intervals of 
interest in fallout research. As given in Physical Review, vol. 73, page 1329, 
these results are: 


Function of time (t) | 


| 
after fission (t in When valid References 
seconds) | 
-t Diss lainey baal diatntinhn tn enctinigtin 
1.90t-1-20___ | 10 seconds to 1 day____| 8S. Kateoff, B. Finkle, 
| 'N. Elliot, J. Knight, 
N, Sugarman, Metal- 
y energy in Mey./fission/sec. = Poe ern 
1943, ‘ 
: L. Borst, Metallurei- 
tthe SN | 20 minutes to 3 days SF Takbbathoe 
49.0t-!4i___ | 50 to 100 days_______- = eae’ CL- 





Expressed in Mev./sec./10* fissions for t measured in hours, these expressions be- 
come, respectively: 


| 
Function of time (t) 





after fission (t in | When valid | References 
| seconds) | i 
—e ‘ a J Seti Aenean oies dul a ere 
1 0.49t-1-2_ ....| 10 seconds to 1 day___.| (Sugarman et al.). 
Be LAS A BEIT. aectih Rabat Os. sesh. 20 minutes to 3 days.._| (Borst). 
3 


| BAS 5 neni = <peee lt OF SE cnane neat Do. 


The first of these formulas give a result uniformly lower than computations 
based on information from “The Effects of Nuclear Weapons.” The second and 
third formulas (Borst) compare as follows 


Various estimates o Mev./sec./10' fissions 
a / 


Time after fission 





1 hour 3 days 

Borst EG a es asiniieitcadeaiie nine : lia ieariiacical 1.18 | 0. 0046 
“The Effects of Nuclear We: apons”. par al Sone ae Se : gees 58 0034 
Wee. 2 Jt ad 26. uh oe di A cc. SEOs Sead See ae 1.31 0042 

50 days | 100 days 

— wre. ante 
RR eI TIS. Mii ace iecattunh th eanctcadiaeneeniatead | 219x10~+| 0. 82x10-+ 
uae Effects of Nuclear We: sath Sc Re ee 1.17X10-+ . 5110-4 

DL... # 


1) gea--t SUS. Baeseiie. ies 1. 63X10~ | .6X10-4 
| | 


It is seen that the Borst experimental results for times between 1 hour and 3 
days are in closer agreement with the NRDL computations than with informa- 
tion provided in “The Effects of Nuclear Weapons.” For times between 50 and 
100 days, the Borst experimental results are about as far above those of the 
NRDL as those derived from “The Effects of Nuclear Weapons” are below. 

It should be noted the Borst results here tabulated are for a formula developed 
(presumably by Borst) to fit his experimental measurements and not the 
measurements themselves. The reference to Borst’s work given by Way and 
Wigner is not available here in AEC headquarters. There is a comment in 
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a paper by Perkins and King (discussed later) to the effect that their theoretical 
derivations are in close agreement with the results of Borst and that “the detailed 
points given by Borst (to which the straight line is an approximation) follow 
the theoretical variations even more closely.” 

There have been several computations of gross energy release rates from 
fission products since the work of Way and Wigner in addition to those made 
by the NRDL. All are based on various compilations of the yields of the nucleus 
produced in fission and on their known or estimated decay schemes. One of the 
latest of these (in which many references to other work are given) is “Energy 
Release From the Decay of Fission Products,” by J. F. Perkins and R. W. King, 
published in the June 1958 edition of Nuclear Science and Engineering. Accord- 
ing to the authors: 

“We have used the latest information on fission yields; in particular we used 
Pappa’s modification of the equal charge displacement hypothesis which takes 
into account shell effects. We employ the same gamma energy groups as Moteff 
and Clark, and extend our calculations to shorter shutdown times by estimating 
spectra of those lived activities whose spectra have not been measured. Finally, 
and most significantly, we have tried to get the best possible information on 
decay schemes. In this effort we have had access to the latest work (as of 
July 1957) of the Nuclear Data Group of the National Research Council.” 

The Perkins-King data for gross gamma energy radiation rates are given for 
times between 10? and 610° seconds so that it is possible to compare their 
results with those of the NRDL and “The Effects of Nuclear Weapons” over 
a period of from 1 hour to almost 2 hours. The results are shown in table 1. 

A second paper entitled “The Activity of the Fission Products of U™,” dated 
October 31, 1958, by Knabe and Putnam, and published by the Aircraft Nuclear 
Propulsion Division of General Electric, extends the work of Perkins and King 
to both shorter and somewhat longer times after fission (1 to 10° seconds), with 
the rate at shorter times based on experimental work by Zobel and Love at Oak 
Ridge (ORNL-2081, p. 95). These results are also shown in table 1. The 
Knabe-Putnam results generally agree with those of the NRDL a little better 
than the Perkins-King results, but all three are in close agreement and differ 
significantly from the rates based on the t** decay and other data from “The 
Effects of Nuclear Weapons.” 

In converting from gamma energy release rates per unit area to external 
gamma dose rates in roentgens per hour, there are some additional differences 
between the results obtained by the NRDL and those based on “The Effects of 
Nuclear Weapons” which will not be considered here (see USNRDL-TR 247). 
The dose rates and integrated doses from 1 hour obtained by each method are 
given in table 2. These dose rates are those which would apply at 3 feet above 
a smooth infinite plane uniformly contaminated to a level of 1 kiloton of fission 
products per square mile. In using them for most practical problems, one must 
also take into account the reductions in dose rate which would take place due to 
partial shielding provided by terrain roughness and the gradual leaching of 
the radioactive particles down into the soil. The differences in roentgen dose 
rates shown in table 2 are more pronounced than indicated by the differences 
in energy release rate shown in table 1. 

The significance of the gross gamma energy radiation rate from fission prod- 
ucts for fallout analysis indicates the desirability of direct measurements of 
this quantity. Since fissions occuring in weapons are caused by neutrons with 
a broad range of energies and may occur in Pu® and U™ as well as in U™, the 
gamma radiation rate from fission products in weapons debris may deviate sig- 
nificantly from that due to the thermal fission of U**. Consequently, next to 
measurements of the energy release rates from samples of weapons debris, it 
would be most useful to have results from the laboratory fission of U*, Pu, 
and U** by neutrons with energies similar to those causing fission in typical 
weapons. 

Although the open field roentgen dose rates will be approximately proportional 
only to the gamma energy radiation rate and not to the spectrum of the emitted 
energy, the spectrum is important in determining the effectiveness of different 
degrees and types of shielding, so that one is presumably also interested in 
the energy spectrum for each of the fissionable materials and for neutron ener- 
gies representative of those causing fission in weapons. Only measurements 
on actual debris, however, can determine whether or not the energy emission 
rates and energy spectrums are altered by fractionation of isotopes and to what 
extent such alterations take place. It should be noted that measurements on 
actual debris are complicated by the presence of neutron-induced activities from 
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both weapon and earth materials. The exact contribution of these induced 
activities from air and surface bursts to the external roentgen dose rate are not 
now well understood, although it appears that they should not be neglected. 
Np™, U*7, U**, Na*™, and Mn™ may account for a substantial fraction of the 
open field roentgen dose delivered by local fallout from some high yield weapons 
between 8 hours and 1 week. 


















TABLE 1.—Gamma energy radiation rate from fission products (Mev/sec/10' 
fissions) 


Release rates 
Ratio of 








Time | res" its 
From From } | NRDL 
effects of NRDL-— (By Perkins-| By Knabe-| ENW 
nuclear | TR-187? | King? Putnam ? 
weapons ! | | 

1 minute aan 2 ae Br kHes a 130 

dite dl. Secon sl sin Sad aah oa | .58 | 1.31 . Ky 1.2 2.3 
SOS nics ss dine 6 cies lela aisle i | 2.52X10-! | 5.30K10-1 | 4.410"! 5.0X10-! | 27 
NE chico st coo was eth eee cess | 6.76107? | 1.17XK10-! 1.1X10"! 1.2X10- | 1.7 
12 hours... _- Si ee | 2.94X10-2 | 5.22K10-2 | 4.4K10-2 | 4.4K10-7 1.8 
1 day. ee tive wade ob ad ekamneeuuacen 1.28X10-2 | 2.0010- 1.7X10-° 1.7X10-? 1.6 
tennant this aid. s Biss «dn Le GdE Bete Llaid | 7.89X10-3 | 1.10X10-2 1.0X10-2 1.01072 | 1.4 
RE iinisigetn si cbieiee tinenadieesenmmeibiaiie | 5.57X10-3 | 7.10X10-3 | 7.0X10-3 | 7.0X10-3 | 1.3 
3 days astonoie ..| 3.42X10-3 | 4.20x«10-3 4.0X10-3 4.0X10-3 3 
1 week ke i eae | 1.24X10-3 | 1.67X10-3 1.5X10-3 1.5X10-3 1.3 
IIs con cnt hain en neo labia | 8. 06X10-* | 1.17XK10-3 1. 1X10"3 1.1X10°% 1.5 
2 weeks eins wphn vith sss nss agesaie a: 8.0X10-* | 8.0X10-4 1.5 
1 month eds « sxe bio. dike = alk ed | 2.22X16-4 | 3.40x10~ 3.4X10-+ 3.4x10- 1.5 
NI nth. ee lg ee | 5.80X10-5 | 6.90X10-5 | 7.6X10-5 7.5X10-5 | 1.2 
ENG 8 cots edn icinettamn anda eis | 2.49X10-5 | 2.60X10-5 2.6X10-5 2.3X<10-5 . 96 
ide srt on A ee 1.10X10-5 | 4.90K10-6 5.0X10-* 5.0X10-* 45 
2 years- 7 4.77X10-* | 6.6010-7 7.4X1077 | .14 
ES SS are es Ck Se 2.9310-6 | 3.7510"? 2.31077 .13 
OS RE Fs) 1.59X10-* | 2.18X10-7 an alii 14 
10 years... iodkdt. cote 6.91X10-7 | 1.6810-7 ei ; . 24 
PPO a pine exe h baud be 1.861077 | 1.13107 |_________- wks Less 61 
60 years. saeemnnccoensiull ah Re ee OI bod dn ke Re i 79 
100 years 4.38X10-* | 3.06X10-* laa 70 


! Based on the t-!-2 law, average gamma photon energy=.7 Mev, 1 kt=300 megacuries gamma activity 
at 1 hr. (no indication whether slow or fast fiss.on of U5, Pu2* or U238). 
? Thermal neutron fission U2. 


TABLE 2.—Comparison of gamma dose rates and integrated doses for uniform 
contamination level of 1 kiloton of fission products per square mile 















Dose rate (r/hr 3 feet above infinite plane) Integrated dose from 


1 hour (roentgens) 













Time after detonation 


Effects of Ratio Effects of NRDL 
nuclear |NRDL-TR-247) NRDL nuclear TR-247 
weapons ENW weapons 







1 hour 1, 200 3, 360 SF 0 0 
2 hours 548 1, 416 2.6 S15 2, 199 
6 hours 147 317 2.2 1, 898 4, 706 
12 hours 64 142 2.2 2, 467 5, $50 
24 hours 28 55 2.0 2, 964 7,012 
48 hours 2.1 2. 2 1.7 3, 407 7, 803 
3 days 7.43 11. 52 1.6 3, 629 8, 163 
1 week 2.70 4. 56 1.7 4,042 8, 831 
2 weeks 1.17 2. 21 1.9 4, 333 9, 357 
1 month. 483 . 902 1.9 4, 612 9, 898 
2months_. 204 . 329 1.6 4, 826 10, 297 
3 months . 126 197 1.6 4, 939 10, 481 
6 months... 0547 0792 1.4 5, 122 10, 750 
1 year 0238 0137 58 5, 27: 10, 911 
2 years 0104 OO1R5S 18 5, 399 10, 953 
3 years 00637 . 00108 17 | 5, 475 10, 965 
5 years 3.45X10-3 6. 2410-4 18 5, 557 | 10, 979 
10 years 1. 530X10-3 4. 8010-4 32 5, 657 11, 002 
20 years u 6. 5210-4 3. 9410-4 63 5, 735 11, 040 
30 vears 4.01X 10-4 3. 2610-4 81 5, 782 11,071 
0 years 1.75X10~- 1. 8210-4 1.04 5, 847 li, 136 

¢ 6, 080 11, 183 


100 years 9. 46X 10-5 9. 1210-5 96 
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FALLOUT IN THE OCEANS 


A statement prepared for the Special Subcommittee on Radiation, Joint Com- 
mittee on Atomic Energy, Congress of the United States for public hearings on 
fallout from nuclear weapons tests, May 5-8, 1959 


(By A. Seymour, Laboratory of Radiation Biology, University of Washington, 
May 4, 1959) 


INTRODUCTION 


The following discussion of fallout in the oceans is, for the most part, a 
discussion of local, not stratospheric fallout. Local fallout is defined as the 
fallout that occurs during the first day or two following the detonation of a 
nuclear device and within a few hundred miles of ground zero. Local fallout 
differs from stratospheric fallout in several important aspects. 

In an area of local fallout the amount of fallout per unit area and the size 
of the fallout particles are considerably greater than in an area of stratospheric 
fallouts only. For a surface explosion 65 to 85 percent of the fallout may be 
local and for an underwater detonation local fallout may be even greater. Also, 
the chemical form and the percentage composition of the radioisotopes in the 
two areas may differ. For the megaton weapons fired in the Pacific, the bulk 
of the fallout resides on particles of CaO or Ca(OH): or mixtures of CaO, 
Ca (OH). and CaCo; made by the great heat of the fireball acting on the coral of 
the islands and sea floor. A large amount also is carried on NaCl particles 
(Libby, 1956). The large particles of these compounds fall out locally and do 
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not enter the stratosphere. As a consequence greater quantities and different 
species of radioisotopes are found in a local fallout area as compared to an 
area with stratospheric fallout only. 

In the following statement the order of presentation will be to discuss, first, 
the information about fallout in the ocean that has become available since the 
1957 hearings and, secondly, the areas of future research. 

The basic concept of the ability of marine plants and animals to concentrate 
from the ocean certain radioisotopes of fallout remains unchanged. Additional 
information since 1957 as a result of the analyses of more samples and of a 
more thorough search for the radioisotopes that are difficult to detect has led 
to the confirmation of some of the previous conclusions and to a modification of 
other conclusions. The comparison of results of radiological analyses cannot 
be made superficially and requires that careful consideration be given to the 
following three factors: (1) the completeness of the analysis; (2) the time 
after fallout when the collection was made and when the analysis was done; 
and (3) the similarity of samples as to species and tissue. 

The completeness of analysis depends to a great extent upon the capability 
of the detecting equipment and the selection of the proper radiochemical method. 
As no one instrument or single method of radiochemical analysis is adequate 
to determine the presence of all radioisotopes the presence of a radioisotope, 
even in large amounts, may escape detection unless a combination of various 
methods is used. For example, the predominate radioisotope in the first anal- 
ysis of the kidney of a giant clam from the Marshall Islands was found to be 
radiocobalt. However, a radioisotope of iron (Fe*), which emits a weak 
X-ray (see table 1) was present but was not detected by the original gamma 
spectrum analysis. When the proper technique for identifying Fe*® was used, 
radioiron was found to be in greater abundance than radiocobalt (table 2). 
Another example is that of the “Taney” plankton. Gamma spectrum analysis 
of a sample in November 1957 confirmed the earlier finding that the major fis- 
sion products were Ce’*-Pr'“ but also revealed an appreciable amount of Co” 
(Lowman, et al., 1958). Modification of techniques to meet the special require- 
ments of an analysis are sometimes required. In order to accurately deter- 
mine Sr” in marine organisms, especially fish, a special technique was devel- 
oped by Kawabata and Held (1958). As these special techniques develop and 
the detection equipment becomes more sensitive, more isotopes can be expected 
to be found or to be determined more accurately. 

The time after fallout when the sample is collected demands consideration 
when the results of radiological analyses are being compared because the rela- 
tive composition of the radioisotopes in a sample of mixed fission products is 
constantly changing (table 1). It is obvious that the comparison of the relative 
radioisotopie composition of two samples has little meaning unless the age of 
the radioisotopes in the samples are approximately the same. 
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Thirdly, the comparison of results of analyses may require that the samples 
be alike as to species, tissue, and even physiological function. Using the giant 
clam again as an example, there are species living in the tropical Pacific that 
acquire a large portion of their food by growing and harvesting Zooxanthellae 
within their own body. These clams have a large and specialized kidney 
which concentrates radiocobalt to a high degree. There are other giant clams 
in the Pacific that are not as dependent upon Zooxanthellae and do not have as 
specialized a kidney. In the clams with the less specialized kidney more radio- 
zine is found than radiocobalt and this finding is in agreement with laboratory 
experiments with less specialized clams (Chipman, 1958). Thus it would be 
inaccurate to make a generalization about the uptake of fallout radioisotopes 
by clams based upon the analysis of the unusual kidney of a highly specialized 
species which is common and important in only a limited part of the world. 

The comparison of results of radiological analysis of marine organisms may 
be used to evaluate the health hazard to man associated with eating certain sea 
foods. (Man’s concern about fallout in the ocean is primarily as to how it will 
affect his health and secondarily as to how it will affect his ocean resources). 
The health hazard problem will not be discussed here, other than to say that to 
evaluate hazard, it is equally important to know both the amount and the 
species of radioisotope present. The variation in MPC values as given in table 1 
(the difference between Sr® and Pm™ is greater than 1 million) points out the 
futility of estimating hazard without knowing the radioisotopes present, a 
practice that has been followed on occasion in the past. 

Although it was stated above that most of the observations on fallout in the 
ocean have been of close-in fallout, the Woods Hole Oceanographic Institution 
is studying the distribution of five fallout radioisotopes—Sr”, Sb”, Cs*", Ce™, 
and Pm*’—in the Atlantic Ocean, an area far removed from close-in fallout. 
Because the amount of these radioisotopes in Atlantic Ocean waters is minute, 
large samples and special separation methods are required and the number of 
samples processed is relatively small. The minute weight of fallout that is 
added to the ocean can be determined by calculating the amount of an isotope 
interms of weight units rather than in units of radioactivity. Using Sr” as an 
example and assuming that the radioactivity from Sr” is 30 disintegrations per 
minute per 100 liters of water—the highest value found in the Atlantic (Bowen 
and Sugihara, 1957)—the amount of Sr” in the 100 liters of water is calculated 
to be 10 grams. Since there is 1 gram of stable strontium in 100 liters of 
water the dilution of the stable strontium by the radioactive strontium is of 
the order of 1 part in 10 trillion. Therefore, it is evident that although the 
presence of a radioisotope from fallout can be detected easily by radiological 
methods the weight of the isotope is much less than can be detected by the most 
sensitive balance. 

For certain areas of the Atlantic Ocean the amount of Sr” delivered per unit 
area of sea surface has been calculated from the determination of Sr” in the sur- 
face layer and the depth of that layer. From analyses of the 1956 and 1957 data 
the amount of Sr” in the surface waters was generally greater than for land 
areas at comparable latitudes (Libby, 1956) and varied by a factor of five 
between extremes (Bowen and Sugihara, 1957). The Sr” values for surface 
waters from the shelf area were the highest of any area and ranged from 63 
to 30.0 disintegrations per minute per 100 liters of water. Begeman and Libby 
(1957) report the same general sort of variation in the analyses of Atlantic 
water for bomb tritium. Further study will indicate whether the fivefold 
variation of Sr” in surface waters is an artifact or the result of some factor in 
the circulatory system that prevents the surface waters from becoming thor- 
oughly mixed. In deep ocean water, below 800 meters, the values for Sr” were 
less than 10 percent of the surface values. 

Selection of the other four radioisotopes—Sb™, Cs”, Ce™, and Pm*’—was 
based on the fact that their relatively long half lives and relatively high yields 
in fission gave promise that detectable amounts would be found, and that their 
chemical behavior was well enough known to permit a meaningful analysis of 
the data when obtained (Bowen and Sugihara, 1958). Too few samples have 
been analyzed so far to permit a reliable interpretation of the results. 

Although Sr” may be more abundant in the Pacific Ocean in the vicinity of 
the Eniwetok test site than in the Atlantic Ocean the occurrence of Sr” in the 
marine organisms of the Pacific is not common. The low levels of radiostrontium 
in fish and other marine organisms was pointed out in the 1957 hearings (Alex- 
ander, 1957; Revelle, 1957) and has been substantiated by additional analyses 
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since that time. If radiostrontium is present in the marine biological samples 
jt is usually in the samples collected during the first few days after fallout 
when many of the other fission products that are not found in samples collected 
at a later time are also present. The presence of a broad array of fission 
products in the samples immediately after fallout is believed to be at least par- 
tially, an adsorption phenomena. Radioisotopes are present in particulate form 
immediately after fallout and when in this form the most effective concentrators 
of activity are the mucous, ciliary, and pseudopodial filterers (Schaefer, 1957). 
Lowman (1958) is also in agreement with the postulate that the major source 
of raaioactive elements from fallout to marine zooplankton is through the 
uptake of particulate material. 

In marine organisms collected a few weeks, months, or years after fallout 
at a time when radiostrontium and other long-lived fission products would be .ex- 
pected to be present, radiostrontium has not been detected by the techniques used 
or is present at extremely low levels (table 2). For conditions of equal fallout the 
Sr”-calcium ratio which is the important factor in determining the hazard from 
Sr” is a good deal less for pelagic fish than in such calcium-rich terrestrial food 
products as milk (Schaefer, 1958). 

Although radiostrontium may not be present in marine organisms collected in 
the vicinity of the Eniwetok test site, radiostrontium is found in some of the 
plants and animals living on the atolls in the same area. From the limited 
information available at the time of the 1957 hearings the inference was made 
that the plants and animals living on the coral atolls would not be expected to 
concentrate radiostrontium because of the high calcium content of the soils, a 
situation similar to that which occurs in the ocean. However, this is not true, 
as some land plants and animals do accumulate Sr” in measurable amounts, 
especially the coconut crabs (Held, 1957). Although calcium is abundant in the 
soils, apparently only part of the calcium is in a chemical form which is avail- 
able to the plants. This is a difficult matter to resolve in a quantitative manner 
but efforts are continuing in that direction. Other radioisotopes that have been 
found in soil samples but not in marine orgarisms are antimony-125 and euro- 
pium-155 (Palumbo and Lowman, 1958). 

On page 526 of the report of the 1957 hearings the suggestion was made that 
the concentration of various radioactive substances in different parts of marine 
organisms should be considered because there are marked differences and in the 
case of some marine organisms not only the flesh but the skin, viscera, and 
bones are eaten. The data on one fish that was given is now supplemented by 
the results of counting 693 specimens collected over a period of 19 months at 
Eniwetok Atoll (Welander, 1957). The average values by tissues for beta radio- 
activity based on the percent of total radioactivity for the tissues counted are 
as follows: 

[In percent] 
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Surveys to determine the geographical and biological distribution of fallout 
in the ocean during and after Operation Hardtack in 1958 were carried out in a 
similar fashion to the surveys for Operation Redwing in 1956 (Donaldson, 1956; 
Seymour, 1957). Plankton continues to be the most sensitive indicator of radio- 
activity in the sea with concentration factors ranging from 1,000 to several 
thousand. 

The distribution of fallout in the sea a month after the conclusion of the 
testing program can be defined from the radioactivity in the plankton samples. 
The rate of movement can only be approximated because the origin of the fallout 
at any one sampling station is not known accurately in respect to either time or 
area. The origin may be any of many detonations that occur during the testing 
period which lasts for several months and for which the area of the original 
local fallout is only known within several hundred miles. In 1956, fallout, as 
indicated by the radioactivity of the plankton samples, was 800 miles west of 
Eniwetok 1 month after the end of the Redwing series, but it is to be remembered 
that this fallout could have originated several months earlier at the beginning 
of the Redwing series. In 1958, at a comparable time in respect to the end of 
the test series, fallout was detectable in the plankton 1,100 miles west of Eni- 
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wetok. The best estimate of the westward rate of advance is about 10 miles 
per day or slightly less. In 1958 a surface drogue placed a few miles west of 
Eniwetok moved 51 miles in 71 hours, or about 17 miles per day. This rate of 
movement was for a short distance and is a measure of the surface current 
which would be expected to be faster than the rate of advance of fallout as 
measured by the radioactivity in plankton. 

Radiochemical separations by ion exchange and precipitation techniques and 
gamma spectrum analyses were used to determine the radioisotopes present 
in the plankton samples. For the Redwing samples, fission products, mainly 
Zr" —Nb” and Ce’*—Pr™, contributed an average of 29 percent of the total 
radioactivity. The remaining 71 percent was contributed by the nonfission radio- 
isotopes Zn”, Co, Fe®, and Mn™*. Radioactive zinc, cobalt, and iron ac 
counted for averages of 24, 26, and 21 percent, respectively, of the total radio- 
activity, and Mn™ was present in trace amounts (Lowman, 1958). The results 
of analysis of four of the samples is given in table 2. 

In the Hardtack plankton samples the presence of radioactive tungsten 
(W™) was striking. Plankton samples with W“ were found in three areas and 
contributed as much as 83 percent of the total radioactivity. Plankton taken 
outside of these areas did not contain radiotungsten nor was it found in any 
plankton samples collected 3 weeks later in the same area, corrected for the 
rate of advance, where W™ was found originally (Lowman, 1959). The as- 
sumption based on this and other evidence is that tungsten occurred as an 
external contaminant and that little was taken up biologically. The analyses 
of four of the 1958 plankton samples are also given in table 2. The 1958 plank- 
ton sample was a fresher fallout material which accounts in part for the dif- 
ference in the radioisotopic composition between the 1956 and 1958 plankton 
samples. 

From the measurement of the radioactivity in plankton, fis’., and other organ- 
isms in the sea, it is evident that the organisms, especially plankton, play an 
important role in the translocation and movement of radioisotopes in the sea. 
The ability of plankton organisms to rapidly acquire a large part of the radio- 
activity in the sea and to make diurnal vertical migrations from the relatively 
fast moving and well-mixed surface layer of the ocean to the slow-moving strati- 
fied water layers of the deeper ocean has been demonstrated. <A study of the 
fundamental processes involved in the translocation of radioisotopes by a plank- 
ton population has been initiated and a report of the state of progress of this 
research was given at the second Geneva Conference on the peaceful uses of 
atomic energy (Ketchum and Bowen, 1958). 

In addition to the analyses to determine the radioisotopes present in plankton, 
similar analyses have been made of algae, clams, fish, and many of the land 
plants and some of the land animals. A few of the analyses for algae, clams, 
and fish are given in table 2. The results as given in the table are comparable 
from one sample to another only in a general way because the specimens have 
been collected from areas that have received fallout at various times ranging 
from a few days to 10 years. Although the analyses of the land plants and 
animals is not given there is a striking difference between the land and the 
sea in the biological distribution of the fission products and nonfission products 
(transition elements). In general the transition elements iron, zinc, cobalt, 
and manganese are present in marine animals but in very low amounts when 
present in marine plants or on the land. None of the radioactive transition 
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elements or only low levels are present in island soil, in plants growing in the 
soil, or in the herbivorous field rats. However, in the plankton, the marine 
invertebrate filter feeders and omnivores, and in the fishes, the transition 
elements may contribute up to 100 percent of the total radioactivity. 

Other observations on the biological uptake of radioisotopes are as follows: 

Of the long-lived fission product isotopes—Sr”, Cs’, and Ce—only Ce™ 
enters into the biological cycle in the marine environment to a significant extent. 
However, on land, Sr” and Cs™ are taken up but Ce is not to any great extent. 

Of the gamma-emitting isotopes present in 10 tissues of reef and lagoon fish the 
radioisotopic composition did not vary greatly from tissue to tissue except that 
radiocobalt Was not found in the bone. Practically no fission products were 
found in fish. The transition elements ranked in order of abundance are radio- 
iron, zinc, cobalt, and manganese. Oceanic fish differ from reef and lagoon fish 
in that radiozine ranks first in abundance in the former. 

In comparison with fish, plankton have greater amounts of radiocobalt and 
lesser amounts of radioiron. 

In order to be able to predict the future levels of radioactivity in the plants 
and animals of the Eniwetok test site area the rate of decline has been deter- 
mined for many organisms. The rate of decline is defined as the rate at which 
the radioactivity is decreasing in a given tissue, organ, or organism in its native 
environment (Held, 1957). The only constant factor is that of physical decay. 
Prediction of rate of decline would be extremely difficult by other than empirical 
means. The decline rates and decay rates for many organisms in various areas 
in the vicinity of the Eniwetok test site are reported by Bonham (1958). 

In general the decay curves are steeper than the decay curve for mixed fission 
products which is generally expressed as being t*”*. The mean of about 100 
decay curves was about t*°. The greatest deviation from the mean was for 
muscle samples from birds and rats for which the decay rate was much slower. 

The decline rates were equal to or greater than the decay rate of t**. The 
difference between the decay rate for mixed fission products and the decay rate 
and decline rate of the biological samples means that the radioactivity is declin- 
ing faster in plants and animals than it would from fallout that included the 
entire spectra of fission products. Reasons for this are that there is biological 
selectivity of the radioisotopes and other factors such as weathering. The de 
cline in radioactivity of representative samples from just after the Nectar shot 
at Eniwetok in 1954 to a time 700 days later are given in table 3. That different 
tissues have different rates of decline is evidenced by the shift in relative posi- 
tions of the samples in regard to radioactivity between the first and last 
collections. 

Since the beginning of the series of weapons tests at Bikini and Eniwetok a 
program to determine the biological and geographical distribution of fallout in 
the vicinity of the test site has been a part of each test operation. The biological 
program of the laboratory of radiation biology, University of Washington 
(formerly the Applied Fisheries Laboratory) since the first operation at Bikini 
in 1946 has recently been reviewed by Donaldson (1959a). Other reports on 
radioactivity in the oceans and of biological programs associated with weapons 
testing programs are included in recent bibliographies by Davis (1958) and by 
Wallace (1958). 
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Table 3. Decline in radioactivity of samples collected 
at Eniwetok immediately following and 700 
days after the Nectar Shot, May 14, 1954. 
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The fallout at Rongelap Atoll has received special attention. This is the one 
area in the world where fallout has been great enough to require that the popu 
lation be evacuated. Although the level of radioactivity is now low and the 
natives can live safely at Rongelap, the area provides a wonderful opportunity 
for a study of radioisotopes in a natural environment. The history of the 
Rongelap studies follow. 

Since the radioactive contamination of Rongelap Atoll on March 1, 1954, re 
peated studies have been made of the extent and distribution of the contamina- 
tion. Eleven collections were made by the laboratory of radiation biology, Uni- 
versity of Washington, between March 1954 and March 1959, and two collections 
by the Naval Radiological Defense Laboratory, February 1955 and February 1956. 
Analyses of some of the samples were made by the Health and Safety Laboratory 
of the Atomic Energy Commission. In addition, teams of medical experts have 
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been conducting periodic medical examinations of the Rongelapese. The soils 
and biological monitoring data through 1956 have been summarized by Dunning 
(1957). 

It was recognized that while monitoring of the biota for radioactive contami- 
nation is essential to an immediate estimate of potential hazards, the informa- 
tion so gained is limited in application. Understanding of the processes involved 
in the movement of radioisotopes throughout the physical and biological system 
of the atoll are essential if it is hoped to arrive at basic conclusions of broader 
applicability. From such basic conclusions it might then be possible to predict 
the consequences of future contamination of similar areas and possibly the 
development of practical methods of reducing radioisotopic levels in foods of the 
area. It was also recognized that the total ecology of the area should eventually 
be understood in as great detail as possible in order to understand the processes 
by which the radioisotopes move from the soil to plants and probably to the sea, 
from the lagoon bottom to the marine life and sea birds, thence back to the land. 
Obviously this is an ambitious concept involving many disciplines. The imple- 
mentation of such concept deserves careful consideration of the area to be studied. 
Rongelap Atoll has a unique advantage since it has been contaminated only once 
by moderately high levels of fallout. Thus the time of origin is known without 
the confusion due to repeated contamination of the same area. There is what 
night be thought of as a disadvantage, the fact that atolls are not typical of 
continental situations. On the other hand, a glance at a map of the Pacific 
Ocean quickly shows that a large portion of the earths surface is represented by 
atolls and other coralline islands. 

Late in 1958 the University of Washington, Laboratory of Radiation Biology 
under the direction of Prof. Lauren R. Donaldson was asked to institute a pro- 
gram of radiation ecology at Rongelap Atoll. The first expedition was made in 
March 1958 in cooperation with a medical team headed by Dr. Robert A. Conard 
of the Brookhaven National Laboratories. Since that time trips have been made 
in August-September 1958 by the ecology group and March 1959 by the medical 
and ecology groups. 

It should be emphasized that radiation effects on the biota are too elusive to be 
profitably followed in the field. Deleterious effects are produced by a variety of 
agents which are not all known and are difficult to separate under field condi- 
tions. It has never been possible to determine with certainty that observed 
abnormalities of the biota in the vicinity of the Eniwetok test site have been due 
to radiation effects. Indeed, the same abnormalities have been found in areas 
not subject to radioactive contamination. Consequently, studies aimed specifi- 
cally at the determination of radiation effects can best be done under controlled 
laboratory conditions. 

The emphasis at Rongelap Atoll has therefore been on mineral transport 
through the biota. This requires evaluation of the stable isotopes as well as the 
radioisotopes. The efforts of the first year have been concentrated on the land 
forms ; however, collection and analysis of marine organisms have been made to 
provide a continuous record of radiation levels in different life forms. The 
marine phase is to be expanded during the coming year to include more extensive 
sampling of the lagoon bottom and waters. 

None of the studies can be considered complete now or for some time to come. 
Some of the points that stand out most clearly thus far are as follows: 

1. The general levels of radioactivity continue to decline more rapidly than 
would be expected from physical decay alone (there are certain exceptions such 
as the levels of Sr” in coconut crabs. ) 

2. Extensive sampling of soils shows clearly that the radioisotopes remain 
concentrated in the top inch or less. 

3. Radioactive materials are found more uniformly mixed to a depth of several 
inches in lagoon sediments. 

4. Collection of rain water which has percolated through undisturbed soil 
shows that Cs™, Ru’™-Rh™, Zr”-Nb™, Sb™, and Ce™ are being leached from the soil 
in very small but as yet undetermined amounts. 

5. Cs™ is the principal long-lived fission product taken up by the plants. The 
(s™ levels are higher in older leaves than in younger leaves. 

6. There is a general potassium deficiency in the area. Fertilization experi- 


ne indicate that the potassium levels are associated with Cs™ uptake by 
the plants. 
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7. Variation in all types of soil and biological samples is commonly as great 
as by a factor of five for a given type sample taken in an area of less than one 
square mile. 

8. Evaluation of calcium levels in the soil in terms of absolute levels of avail- 
able calcium is very difficult. It is clear that although these are highly calcareous 
soils, available calcium represents a small fraction of the total calcium. This 
is important relative to Sr” uptake. 

9. In general Cs™ and Sr” are the principal long-lived isotopes found in the 
land organisms while Zn", Co”, Mn* and Fe® are found in the marine organisms, 

The need for future studies on fallout in the ocean are in general similar to 
the needs for studies in the ocean related to the disposal of hich level radioactive 
wastes. The Committee on Oceanography for the National Academy of Sciences 
has recommended a program in oceanography for the years 1960-70. Part of 
the program is for the study of radioactivity and has been planned with the 
expectation that the oceans may be used as a disposal area for high level radio- 
active wastes. The section on “Radioactivity in the Ocean” from chapter I of 
the report by the Committee on Oceanography of the National Academy of Sci- 
ences (1959) is included as an appendix to this report. Fulfillment of the rec- 
ommended program also would provide answers to questions regarding fallout 
in the ocean. 

A study that is in process and will be reported in the near future is the radio- 
logical analysis of 2,700 tuna samples from the western Pacific that were col- 
lected before, during and after the Hardtack series (Donaldson, 1959b). 

The presence of fallout in the ocean provides a unique opportunity to study 
basic biological and physical processes in the sea. The addition of radioisotopes to 
the ocean, especially in the vicinity of Eniwetok test site during a 
weapons testing program, provides tracers for the study of mineral metabolism 
and transport, or of the movement of ocean currents, or other important research 
problems. Fallout in the ocean provides a tool for a large scale field experiment 
that cannot be duplicated elsewhere. 

The assistance of Dr. Edward Held in the preparation of this report is 
acknowledged with pleasure. 


SUMMARY—FALLOUT IN THE OCEAN 


The concepts on the uptake and concentration of fallout by marine organisms 
that were presented at the 1957 hearings are basically unchanged. The greatest 
emphasis of recent studies has been to identify all of the radioisotopes in the 
samples. 

The following observations in an area of local fallout, the Eniwetok test 
site, have been made: 

(1) Of the three long-lived fission products, Cs*, Sr”, and Ce™, only the 
latter is found in marine organisms. (If present, Sr” occurs at low levels) ; by 
contrast Cs™ and Sr” are found in land forms while Ce“ generally is not. 

(2) Of the nonfission products radioisotopes of iron, zinc, cobalt, and man- 
ganese were predominant in marine animals but were much less abundant in 
marine plants, land plants, and land animals. 

Radiostrontium as stratospheric or possibly intermediate fallout has been 
measured in the Atlantic Ocean. The data so far available indicates an amount 
in surface water greater than predicted but the significance of the difference is 
questionable because of the limited number of samples. 

The program at Rongelap Atoll has been enlarged to include basic studies of 
mineral transport and metabolism in addition to radiation monitoring. 

The presence of fallout in the ocean provides a unique opportunity to study 
basic biological and physical processes in the sea. It is recommended that 4 
research program be planned to take advantage of this opportunity. 
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APPENDIX 


RADIOACTIVITY IN THE OCEANS * 


The widespread use of nuclear energy for peaceful or military purposes neces- 
sitates studies to determine the effects of radioactive contamination upon the 
oceans and the life therein. The Committee on Effects of Atomic Radiation 
on Oceanography and Fisheries in its report to the National Academy of 
Sciences made certain general recommendations concerning national policy in 
this area. Both the Committee on Oceanography and the Committee on Effects 
of Atomic Radiation on Oceanography and Fisheries believe that more specific 
and detailed recommendations can now be made. 

1. A single agency should be given the overall responsibility and authority 
for regulating the introduction of radioactive materials in the oceans. Moni- 
toring of disposal sites should be done by some agency other than the regu- 
lating agency. It is recommended that either the Coast and Geodetic Survey 
or the Public Health Service be made responsible for engineering studies in 
and near disposal areas, for routine monitoring of disposal areas and their 
surroundings and for a continuing assessment of the effects on the environ- 
ments of added radioactive materials. 

2. Vigorous programs should be started for the purpose of determining the 
circulation and mixing processes which control the dispersion of introduced 
contaminants in coastal and estuarine environments and in the open ocean. 
These studies represent the major part of the proposed budget in this area. 

3. A program should be pursued aimed at determining the inorganic trans- 
fer of radioactive elements from sea water to the sediments. 

4. Studies should be made of the effects of living organisms on the distribu- 
tion of radioactive elements introduced into the sea. 

5. The genetic effects of radiation upon marine organisms should be studied. 

6. A variety of biological field experiments should be conducted utilizing 
radioisotopes. 

7. The proposed budgets for the programs are given in tables 12 and 13. 


The greater part of the program should be financed by the Atomic Energy 
Commission. 


1See “Literature Cited” (21). 
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TABLE 12.—Radioactivity in the oceans—Summary of budget estimates 
{Annual cost in 1958 dollars] 











Without Ship time Total 
ship time 
Conere’ anid mapeibeeGmgis sius 2). es 5. Ss SIjOOS [iki -esdsuisa 370, 000 
Estuarine and coastal studies. --_...-...........----.-..-..--.--- 1, 920, 000 880, 000 2, 800, 000 
Research in open ocean _ -- sis me ponents baakenanl 1, 000, 000 400, 000 1, 400, 000 
Sedimentation processes - - -_ - . sri rin ehh sional 1 449, 000 35, 000 2 484, 000 
Weets of ‘tian Waeephme.. 24.5. css io a 678, 000 260, 000 938, 000 
ee eee eee eer dentricn=aek4~ fee ihe ~ nek 400d seer 100, 000 
Bence TIONG, GPO, one 0 6 =< nn cd eee ees Sue cds SE Baska daqnwes 100, 000 
Total, Ist year betel tebe ena aed 4, 617, 000 1, 575, 000 6, 192, 000 
Total subsequent years---_----- SeclUSS hi oa eee 4, 432, 000 1, 575, 000 6, 007, 000 
About one-third is now underway. 
Net cost of new program: Ist year-. ae 3, 078, 000 1, 050, 000 4, 128, 000 
Subsequent years_.-.......-....-.-- ‘ je 2, 954, 000 1, 050, 000 4, 004, 000 
If2 large open sea tests are conducted, 1 in 1962 and 1 in 1966, 
the additional costs in those years will be_-..............---- 1, 400, 000 | 600, 000 2, 000, 000 
Total in those years_..._..._--- : ceaenanee 154 00 1, 650, 000 6, 004, 000 





| $264,000 after Ist year. 

? $299,000 after Ist year. 

(Table 13 not included here.) 
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{To be submitted to Science] 
RADIOCARBON FROM NUCLEAR TESTS 
(Wallace S. Broecker and Alan Walton*) 


As a result of the generation of neutrons in nuclear tests and their subsequent 
reaction with nitrogen in the atmosphere, considerable manmade C“ has been 
added to the earth’s dynamic carbon reservoir. On the basis of the measured 
neutron yield per unit energy release and on the assumption that about two- 
thirds of the C™“ produced falls back as calcium carbonate, Libby (1) has esti- 
mated that 10 x 10° C“ atoms have been introduced into the atmosphere. Rafter 
and Fergusson (2) have shown that the C“ concentration in southern hemisphere 
tropospheric CO, has been increasing at 2.1 percent per year since 1955. In 
the northern hemisphere de Vries (3) has suggested an increase of 4.3 percent 
between 1953 and 1957. Results of Munnich and Vogel (4) point to an increase 
of about 3.2 percent per year for central Europe and 2 percent per year in South 
Africa over the period from 1954 to 1957. Considerable interest has been aroused 
in the possible genetic effects of this increase in the C“ concentration, the 
potential hazards having been reviewed by Leipunsky (5) Pauling (6) Sakharov 
(7) and Totter et al (8). Recent data obtained by the authors relating to this 
increase are presented in this paper together with a brief discussion of the 
probable distribution of bomb C“ within the dynamic carbon reservoir. 





_*This research was carried out at the Lamont Geological Observatory, Columbia Unt- 
versity. Dr. Broecker is a member of the staff of the Columbia University Geology 


Department and Dr. Walton is presently a staff member of the National Physical Laborato 
Teddington England. . , pe 
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RESULTS 


The general rise in the concentration of C“ in atmospheric CO: has been 
monitored by direct measurement of the C“/C” ratio in samples of atmospheric 
CO, as well as by measurement of plant material which recently has fixed 
atmospheric CO,. In order to make these measurements directly comparable, 
all the results are normalized to a common C*/C” ratio. This eliminates any 
differences created by isotopic fractionation during the photosynthetic process, 
during the collection of atmospheric CO, or during the chemical processing of 
samples in the laboratory. 

The results are summarized in table 1. 8 C™ represents the age-corrected per 
mil difference in the radioactivity of the sample CO. gas from that of a standard 


4* sample ~-*5°4° oxalic standard 
6 Cc "om r . <n ( / 
-9504° oxalic standard 1000 (A) 





where A* sample is the measured C™ activity of the sample corrected for radio- 
active decay during the period between sample formation and measurement and 
A” oxalic standard is the C“ activity of the National Bureau of Standards C* 
standard, corrected for radioactive decay between January 1, 1958, and the 
measurement date. The 0.950 factor is introduced so that the age-corrected 
values of wood grown during the 19th century fall close to zero on the scale. 
Activity measurements were made using the technique described by Broecker 
et al. (9) with errors based on reproducibility of the counting measurements 
rather than on radioactivity statistics alone. 

Following Craig (10) the 6 C” results are expressed as per mil difference 
from the Belemnite standard. The isotope ratio measurements were made with 
a Consolidated 401 double-collecting mass spectrometer on the CO, gas used for 
the radioactivity measurement (11). The uncertainty in the § ©” results is 
about 1 per mil. 

Normalization to a common C“/C” ratio is carried out as follows: 


6c u 
a CH=5C 260 1(1+ ) —50.0 (B) 


1000 


Again the constant term (—50.0) is introduced so that A C™ for age-corrected 
19th century wood falls close to zero on the scale (12). 

The results from the Northern Hemisphere plotted against time in figure 1 
suggest a general increase of about 50 per mil (5 percent) per year in the C™ 
concentration of atmospheric CO, over the past 3 years. This is somewhat 
higher than the estimates given by de Vries (3) and by Munnich and Vogel (4). 
The spread of the points in figure 1 must be related at least in part to local 
release of large quantities of industrial CO. (13). Consequently the curve has 
been drawn through points obtained on samples collected in areas removed from 
intense industrial activity (the Great Basin, the North Atlantic Ocean, and the 
Mediterranean Sea). The horizontal portion of this curve has been fixed by 
using Fergusson’s value of minus 20 per mil for the average Suess effect (13). 
It is interesting to note that data obtained by Munnich and Vogel (4) on plant 
material from Germany in general show a smaller increase than the data defin- 
ing the curve in figure 1. If plotted in figure 1 they would agree well with the 
data from Kearney, Palisades, and Rome. 

The difference between the C“ concentration in leaf samples grown at Lamont 
and that in average Northern Hemisphere tropospheric CO, appears to be increas- 
ing with time. Such an increase would not be expected if the difference were @ 
result of a higher local Suess effect. The suggestion of Munnich and Vogel (4) 
that plants grown in areas of dense vegetation may take up an appreciable 
quantity of CO: given off by adjacent soils provides a possible explanation for 
such a divergence. For since much of the CO, given off by soils probably results 
from the decay of organic materials formed prior to bomb testing, the contrast 
between the C* concentration in soil CO. and that in atmospheric CO, is increas 
ing rapidly with time. In this connection it is of interest to note that the points 
defining he curve in figure 1 are all from areas of sparse vegetation and thus free 
from influence of soil CO, as well as that of local industrial CO,. 

Figure 2 compares the Northern Hemisphere data of figure 1 with that pub- 
lished by Rafter and Fergusson (2) for the Southern Hemisphere. The Southern 
Hemisphere curve is drawn assuming that the Lamont and New Zealand 1890 
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wood standards have identical activities. Recent measurement of the New 
Zealand wood standard at Lamont supports this assumption (the New Zealand 
laboratory pre-1900 wood average is within 1 per mil of the value for the Lamont 
1890 wood standard). The two added points represent Lamont data from the 
Southern Hemisphere. In the following paragraphs it is shown that the prox- 
imity of the two curves confirms Fergusson’s (13) conclusion (based on the dis- 
tribution of industrial CO.) that the mixing rate between the hemispheres must 
be quite rapid (i.e., less than 2 years). 


INTERHEMISPHERE MIXING 


Since most of the bomb C™ is added to the stratosphere of the Northern Hemi-. 


sphere, there are two possible modes of mixing between the hemispheres : mixing 
above the tropopause and below the tropopause. Two extreme cases may then 
be considered: (1) bomb C™ transfer from the Northern Hemisphere to the 
Southern Hemisphere dominantly in the stratosphere, and (2) transfer domi- 
nantly in the troposphere. 

In the first case the rate of change in the number of bomb C™ atoms in the 
Southern Hemisphere troposphere (Ngs,) at any time ¢ is given by: 


aN sy N c 

=rNs,. ») 
di Vs. ( 
where A; is the mixing coefficient between the stratosphere and troposphere 
and Ns, is the the num! er of bomb C"* atoms in the Southern Hemisphere strato- 
sphere. In words, this equation simply says that the rate at which the amount 
of tropospheric bomb C™ increases is directly proportional to the amount of 
bomb C™“ in the stratospheric source. The troposphere is so much more massive 
than the stratosphere that the return flux of C™ to the stratosphere is neglected 
in equation (C). In the case of intrastratospheric transfer, however, both di- 
rections are important so that the equation defining the rate of increase in the 
Southern Hemisphere stratosphere is as follows: 


(D) 


where \: is the stratosphere mixing coefficient between the Northern and South- 
ern Hemispheres and Ns, is the nomber of bomb C™ atoms at any given time 
in the Northern Hemisphere stratosphere. An equation similar to (C) can be 
written for the stratosphere-to-troposphere transfer in the Northern Hemi- 
sphere : 
adNw, \ 
-=\,N . 
dt a (E) 


Since the rate of increase, dN y,/dt, is proportional to the slope of the curve 
in figure 2 and since this slope is approximately constant after early 1955, 
dNy,/dt is set equal to a constant, B. Again the return flux as well as any 


loss of bomb C™“ to the ocean or biosphere are neglected (see below). 
Simultaneous solution of the above equations yields 


Ns7= Bt— 3 (1—e-> 2°) (F) 


It is assumed that at time zero (i.e. March 1955) all the NV terms are zero. 
Since Nw_,= Bt, it follows that 


Ns 
fF =| <p (lea (G) 


Nw 
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From figure 2 the Southern Hemisphere tropospheric bomb C™ concentration 


was 0.70 times that in the Northern Hemisphere in September 1958—that is, at 


t=3.5 years, Ns, Nw 0.70. Substitution of these values in equation (Q) 


shows A to be about 1.0. Since the reciprocal of A: is mean residence time, 
the average bomb C™ atom spends about 1 year in the Northern Hemisphere 
stratosphere before entry into the Southern Hemisphere stratosphere. 

In the second extreme case, bomb radiocarbon travels to the Southern Hemi- 
sphere solely through the troposphere. The equation defining the rate of ip. 
crease of Southern Hemisphere tropospheric bomb C™“ has the form of equation 
(D), as follows: 


dNs, 


St =Nwpd3—Napd3 (H) 
at 


When combined with the previously used relationship, N»,= Bt, and inte 
grated, equation (H) becomes identical to (F) except that A; replaces A». Simi- 


larly, equation (G) will represent case 2 if \s replaces \.. This means that the | 


a4 


reciprocal of A;, the mean residence time of a bomb C™ atom in the Northern 
Hemisphere troposphere, is also about 1 year. Although somewhat lower this 
value is consistent with that of 1.5 years based on a similar calculation by 
Munnich and Vogel (4). 

The model on which these results are based is admittedly oversimplified, 
for among other things no attempt was made to take into account direct addi- 
tion of bomb C™ to the Southern Hemisphere during tests carried out near the 
equator or in the Southern Hemisphere itself. Consequently it can only be 
said that mixing between the hemispheres is sufficiently rapid that either the 
entire stratosphere or the entire troposphere mixes horizontally with a mean 
mixing time of less than 2 years. From the bomb C™ data alone it is impossible 
to determine whether the rapid mixing occurs above, below, or possibly both 
above and below the tropopause. 


QUANTITY AND DISTRIBUTION OF BOMB c™ 


Two major questions next arise: (1) What is the total quantity of bomb 
C™ added to th dynamic carbon cycle up to March 1958? and (2) if no more 
bomb C™ were added after March 1958, how would the bomb C™ concentration in 
the atmosphere change with time? 

The answer to the first question requires not only a knowledge of the amount 
of bomb C™ in the troposphere but also the amounts which have entered the 
ocean and the terrestrial biosphere as well as the amount still stored in the 
stratosphere. 

If complete mixing within each hemisphere is assumed the amount of bomb 
c™ in the troposphere can be estimated directly from figure 2 and a knowledge 
of the prebomb tropospheric C™ inventory (25 X 10” atoms). Up to March 1958 
the amounts are 1.5 X 10” atoms of bomb C™ in the Southern Hemisphere trope 
sphere and 2.1 X 10” atoms for the Northern Hemisphere. 

The amount of bomb carbon which has entered the terrestrial biosphere cat 
be estimated in the following manner. The rate of change of bomb C™ in the 
biosphere may be written as 


aN+ RPN+ 
<< a : ; Tans, T (I) 

dt Nr 
where N*r and N*, are the number of bomb C™ atoms in the troposphere and 
biosphere at any given time t, Nr is the number of stable carbon atoms in the 
troposphere, Rp is the rate of photosynthesis by terrestrial plants (i.e., atoms 
of carbon fixed per unit time) and Ag-—r is the average rate of decay of terrestrial 


plant material back to CO. (i.e, atoms of carbon decaying per unit time per} 


atom of biospheric carbon). Expressing N*r as B’ where B’ is the observed 
constant rate of increase in the number of atoms of bomb C™ in the total trope 
sphere (Northern plus Southern Hemispheres), the following relationship results 
from integration of equation (1) : 
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As before the increase rate B’ is computed on the assumption that the bomb 
c™ concentration in the troposphere has increased at a linear rate since March 
1955—an approximation sufficiently close to the actual situation that a signifi- 
cant error is not introduced. From figure 2, B’ = 1.2 X 10° atoms/year. From 
Goldschmidt (14) Rp is about 20 « 10° gm of carbon/year and 1/\sn-7, the mean 
life of carbon in the biosphere, is about 15 years. When these values are sub- 
stituted into equation (J) the value of N*, turns out to be 0.2 X 10” atoms. 
Since this is small compared to the bomb carbon entering other reservoirs, the 
relatively large uncertainties associated with Rp and A/p-r are not critical to 
the overall inventory. 

The amount of bomb C“ which has entered the ocean can be estimated from 
Craig’s (15) value of mean residence time of CO, in the atmosphere with respect 
to entry into the ocean. If the addition rate, A, or bomb C™ to the troposphere 
is considered constant (essentially true over the 3-year period from March 
1955 to March 1958) and if loss of bomb C* to the biosphere is neglected, then 
the number of bomb C™ atoms which have entered the ocean, N*., up to time 
t is simply the difference between the total amount added to the troposphere, 
Af, and the amount, Nr, in the troposphere at time ¢; that is 





14 


N*o=At—N*r (K) 
When differentiated wtih respect to t, equation (K) becomes 


dN*o adN*r 
a A dt (L) 


The rate at which bomb C™ enters the ocean is assumed to be directly pro- 
portional to the amount of bomb C** present in the troposphere and the return 
flux from ocean to atmosphere is considered negligible; therefore 


dN*o 


= Ar-oN*r (M) 
dt 
where Ar-o is the mixing coefficient for transfer of CO. from troposphere to ocean 
Combining equations (L) and (M) to eliminate N* and integrating the result 


1s 


—Ar_pt + 
N*r=A/Ar-o(l—e “ie ) (N) 
Substituting this result into (K), 


l —>r-0! 


Nto= At— eG (le ) (0) 


Using the limits of .25 and .10 yr” given by Craig (15) for \jro and a value 
of A based on B’ and an iterative correction for loss to the ocean upper and 
lower limits of 1.5 * 10” and 0.6 x 10” atoms of C™ are obtained for N*o with 
a most probable value of 1.0 X 10” atoms. This indicates that only about one 
quarter of the bomb C“ added to the troposphere has entered the ocean. 

If the bomb C™ that has entered the ocean were concentrated entirely in the 
upper 100 meters, the C“/C” ratio in average surface ocean bicarbonate should 
be from 12 to 32 per mil higher than in 1955. Table 2 summarizes actual 
measurements on samples from the surface of the north and equatorial Atlantic 
over the 2-year period between 1955 and 1957. Although the results suggest a 
small increase (~15 per mil) the uncertainties are sufficiently large that no 
precise estimate of the magnitude of the increase can be given. It appears, how- 
ever, to be less than 30 per mil and is thus consistent with the calculated esti- 
mate. It should be noted that these calculations involve only the bomb C™ which 
is converted into CO, and not that which falls into the ocean as CaCO;. The 
fate of the latter is uncertain. 

From this data the fraction of bomb C™ which has entered the ocean appears 
to be somewhat lower than that given by Munnich and Vogel (4) who based 
their estimate on the atmospheric CO, residence time given by Rafter and Fergus- 
son (2) (1.4 years) rather than the value of Craig (13) (7 years) used in 
this paper. The Rafter and Fergusson value is based on the 18 per mil increase 
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in C™ concentration of the dissolved bicarbonate in surface ocean water from 
Markara Bay off New Zealand over the period from November 1954 to May 1957. 
Both the further measurements by Rafter and Fergusson (2) which indicate no 
further rise over the period from May 1957 to March 1958 and the data on the 
Atlantic Ocean presented in this paper suggest that the 1.4 year value is not 
a reliable estimate. 

The critical factor in the overall inventory is the amount of bomb C” stored 
in the stratosphere. As pointed out by Libby (1) most H-bomb clouds rise well 
into the stratosphere and so it is reasonable to assume that most of the newly 
produced bomb C™ is added to this reservoir. In this case a minimum estimate of 
the amount stored in the stratosphere would certainly be obtained if the frae- 
tional increase in stratospheric C“ were assumed to be the same as that 
measured for the troposphere. Since the stratosphere contains only about 20 
percent of the amount of CO, in the troposphere, the minimum is thus 0.7 x 10" 
atoms of C™. 

A maximum estimate can be made by taking the highest estimates of strato- 
spheric residence time calculated for fission-product debris and by assuming 
that all bomb C™ added to the lower atmosphere comes down from the strato- 
sphere. In this case: ; 

Sate. > 
N s=\5_T (P) 
where N*s is the number of bomb C" atoms in the stratosphere, A is the addition 
rate of C'4 to the troposphere from the stratosphere and As-—r is the transfer 
coefficient from stratosphere to troposphere. Again return flow can be neglected 
since the maximum residence time estimate is appreciably longer than the 
period of large-scale bomb testing. Using the value of A (1.5x 10” atoms/year) 
computed in connection with equation (QO) and 15 years as an upper limit for 
the mean stratospheric storage time (16) a value of 22.510” atoms is obtained 
for an upper limit on N*s. If this is really the case, the amount of bomb C" in 
the average mole of stratospheric CO, must be about 30 times greater than that 
in each mole of tropospheric CO... Using the value of 5 years given by Machta 
(16) as the best estimate a value of 7X10” atoms is obtained. 

Summing the upper and lower limits for each reservoir, limits can be set on 
the total amount of bomb C™ added to the dynamic carbon reservoir through 
March 1958. The results as summarized in table 3 suggest an upper limit of 
28x10" and a lower limit of 5X10" atoms (best estimate 12X10" atoms). 
These may be compared with the estimate of 10x10” atoms given by Libby (1) 
for the same period. The latter estimate is based on the neutron flux per 
megaton and the number of megatons exploded rather than on direct measure- 
ments of C“ concentration. Since there are at present about 2,000 10" cosmic- 
ray produced C™ atoms in the dynamic reservoir, the bomb C™ represents a total 
increase of from 0.25 to 1.4 percent (best estimate 0.6 percent). Thus, complete 
mixing will result in a 50-fold reduction in the atmospheric bomb C™ concentra- 
tion if the lower estimate is used and a 20-fold reduction if the upper value is 
used (assuming no further production by bombs). 

An important question is: how long will the mixing process require? Since 
great uncertainties exist concerning (1) the rate of exchange between the strato- 
sphere and troposphere, (2) the size and turnover rate of the biosphere, and 
(3) the patterns and rates of mixing in the deep ocean, precise estimates must 
await further work. A contribution to the third aspect is the extensive program 
currently being carried out at Lamont to determine mixing rates in the Atlantic 
Ocean (17). This investigation will be the subject of a separate paper. 






CONCLUSIONS 


The following conclusions can be drawn from the present study : 
1. The C™ concentration in the tropospheric CO: of the Northern Hemisphere 
has increased by about 5 percent per year between March 1955 and March 1958. 

2. In order to account for the distribution of bomb C™ between the hemispheres 
sufficiently rapid horizontal mixing must exist that either the stratosphere or 
the troposphere or perhaps both are mixed with a mean time of less than 2 years. 
3. Only about 10 percent of the bomb C™ produced up to March 1958 has 
entered the oceans. 

4. Differences within one hemisphere appear to be related to local dilution 
with C™ deficient COs. 
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5. The total bomb C™ added to the dynamic carbon reservoir through March 
1958 is between 5 10" atoms and 28X10" atoms. The range results largely from 
the uncertainty in the amount stored in the stratosphere. 

6. When distributed uniformly throughout the dynamic reservoir, the bomb 
Cc’ produced through March 1958 will leave the atmosphere with a 0.25 to 1.41 
percent higher C™ concentration than that of the prebomb era. This increment 
will then decay away with a half-life of 5,600 vears. 

7. Critical factors still to be determined are the residence time of gas mole- 
cules in the stratosphere and the rate of mixing between surface and deep 


oceuls 


TABLE 1 Data showing the rise in the C” concentration of atmospheric CO, as 
a result of nuclear testing 


Growth date Location Material 6c 6C 13 AC | Lamont No 
187 Pacific Northwest | Spruce wood 0+6 | —21.4 | —7+6 | L-353D 
United States 
189) Palisades, N.Y Oak wood 1+5 | —24.0 0+5 | L-314. 
1938 do do —2904+5 | —24.1 |—32+5 L-313 
1954 do Oak leaves —17+6 —23.2 |—21+6 L-316B 
Pre-1955 Lake Winnemucca, Nev_ Sage wood 447 | —11.2 |—2347 | L-288M 
June 1956 North Atlantic, lati Atmospheric CO, 62+8 —9.0 3148 | L-367A 


tude 34° N., longi 
tude 64° W 
Do North Atlantic, lati- do 54+6 |(—8+4)| (2147)| L-367B 
tude 32° N., longi- 
tude 59° W 
July 1956 Mediterranean Sea, lat- do SS+8 —7.4 54+8 L-367C 
itude 41° N., longi- 
tude 13° E 
Do Mediterranean Sea, lat- do 64+6 —5.3 25+6 | L-367D 
itude 36° N., longi- 
tude 23° E 





November 1956 Rome, Italy Poplar twigs — 25.0 18+5 | L-371B. 
Do do Grain —25. 1 24+6 | L-371A. 
October 1957 Palisades, N.Y Leaves —25. 6 5747 | L445 
August 1957 Kearney, Nebr do —31.8 65+7 | L-415B 
Do Evanston, Wyo do —2R. 2 94+7 L—-415G. 
Do Oquirrh Mountain, do — 26.0 9%+7 | L-4I5EEE 
Utah 
Do Wadsworth, Nev do 85+7 —27.8 9547 L-4I5HH 
Do Truckee, Calif do 9147 | —27.2 | 10047 | L-415QQ 
November 1957 North Atlantic lati- | Atmospheric CO, 13147 | —10.8 | 10547 | L-464C 


tude 25° N., longi- 
tude 56° W 

December 1957 North Atlantic lati- do 109-+6 —7.2 75+6 | L-466B 
tude 11° N.,  longi- 
tude 35° W. 

January 1958 South Atlantic _lati- do 94+9 8.8 63+9 | L-466C 
tude 33° S.. longi- 
tude 50° W 

February 1958 South Atlantic lati- do 103+6 | —13.1 82+6 | L-466D 
tude 54 S., longi- 
tude 64° W 


October 1958 Palisades, N.Y Leaves 7725 —27.0 85+5 L-4878 
September 1958 Evanston, Wyo do 14247 | —23.7 | 14647 | L-487B 
Do Oquirrh Mountain, do 1147 | —22.6 | 11147 | L-487C 
Utah 
August 1958 Wadsworth, Nev do 131+9 — 26.1 14049 | L-487D. 
Do Truckee, Calif do 126+7 | —26.1 | 13547 | L-487E 


See (12) for exact latitude and longitude data 
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TABLE 2.—Summary of C measurements on dissolved bicarbonate from the north 
and equatorial Atlantic surface waters 


Collection date 


Novernber 1955 
June 1956 

Jure 1957 
October 1957 
November 1957 


NORTH ATLANTIC 


Number of} AC! per 
| samples | mil 


| 
Standard 
deviation error of 
| from mean | mean per 
per mil mil 


Average Standard 


| 


| 
| 
| 


+3 
+5 


+8 
9 


+12 set 








February 1956 
January 1957 
May 1957 
December 1957 


TABLE 3.—/nventory 


Troposphere | 


Nr | 


Minimum_.----_--- 
Most probable 
Maximum 


| 
Terrestrial | 


of bomb produced 


Ocean 
Biosphere | ° 
e No 
Nea 


—61 

—62 
—68+7 | 
—48+9 


C™“ as of March 1958 


Total 


. . * * 
Nr+ Na+ No + Ns 
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STATEMENT CONCERNING THE CONCENTRATION OF Bompe Propucep C™ IN THE 
HuMAN Bopy 


Wallace S. Broecker, Lamont Geological Observatory, Palisades, N.Y. 


The C™ produced by the interaction of the intense neutron flux from nuclear 
explosions with the N“ atoms of the earth's atmosphere has been recognized 
as a potential hazard to mankind. Two questions must be answered in order 
to evaluate the magnitude of this hazard: (1) What is the present level of 
bomb C™ in the human body and how will it change with time’ and (2) What 
are the adverse effects produced by a given level of C™ in the human body? The 
present investigation provides information bearing on the first question only. 
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The fact that most of the C” produced during nuclear tests is immediately 
oxidized to CQ, gas greatly simplifies the problem of prediction of the distribu- 
tion of bomb C™ in nature. Unlike Sr” and Cs™ its residence time in the 
troposphere is measured in years rather than days insuring far more complete 
geographical mixing. Also, since C™ is itseif an isotope of a major element, no 
large fractionations occur during transfer from one reservoir to another as 
is the case for Sr” and its major-element carrier, calcium. 

The fate of a bomb C™ atom is most easily understood by considering the 
various reservoirs for carbon on the surface of the earth. Besides the CO, in 
the atmposhere there are the organic materials which make up the terrestrial 
biosphere and humus, the dissolved bicarbonate, carbonate, and organic material 
of the ocean, and the carbon stored in rocks (coal, oil, limestone * * *). Since 
the rate of addition of new material to the latter reservoir is very slow, most of 
the bomb C™ produced will remain within the dynamic carbon reservoir (at- 
mosphere, ocean and biosphere) until destroyed by radioactive decay. Since 
the oceans contain over 90 percent of the carbon in the dynamic reservoir the 
rate of transfer of material to this reservoir is of major importance. For 
whereas a small amount of bomb C™ added to the atmosphere can initially 
appreciably alter the C™ concentration of atmospheric CO, subsequent mixing 
with the rest of the system will reduce the concentration in atmospheric CO, 
by more than a factor of 10. Hence an understanding of exchange rates of CO, 
between the atmosphere and oceans and mixing rates within the oceans become 
of major importance in predicting future levels of bomb C™. 

The fact that C™ follows carbon through its cycle allows the level of bomb 
Cc“ in humans to be estimated from a knowledge of the bomb C™ concentration 
in atmospheric CO,.. Since with the exception of marine fish our diet consists 
almost entirely of carbon produced by the photosynthesis of atmospheric CO, 
only the lag time between photosynthesis and incorporation into body tissue 
must be considered. Direct comparison between the bomb C” concentcation 
in carbon from human tissue and that in atmospheric CO, for a limited number 
of cases will uniquely establish the magnitude of the lag. If, for example, the 
lag turns out to be 2 years it will be possible to say that the bomb C™ con- 
centration in human carbon in 1960 will be the same as that measured for the 
atmosphere in 1958. 

With this background in mind results of the laboratory investigations carried 
out to date can be summarized. Measurements of the C™ concentration in 
Northern Hemisphere tropospheric CO, and in materials extracting CO. from 
this source suggest that the level has been rising at the nearly uniform rate of 
5 percent per year. In August 1958 the level was about 16 percent higher than 
that prior to 1954. Measurements made largely by the New Zealand Radio- 
carbon Laboratory suggest that the Southern Hemisphere atmosphere has shown 
an increase about 70 percent as large as that in the Northern Hemisphere. 
Since most bomb testing has taken place in the Northern Hemisphere, rapid 
interhemispheric mixing of the atmosphere is suggested. 

Since some of the plant materials measured show bomb C™ concentration up 
to 50 percent lower than that in the average atmospheric CO, it is possible that 
some food plants will not directly reflect the average atmosphere. This effect 
may be related to the uptake of soil CO. by the growing plants. Since much 
of the decaying plant material in the soils was formed prior to 1954 such CO: 
will be deficient in bomb C™. More work is needed before the importance of 
this effect can be evaluated. 

Samples of human materials (breath CO,, blood, and tissue) indicate that as 
expected the lag between photosynthesis and human uptake of carbon is not 
more than 2 years. 

Estimates of the amount of bomb C™ in each reservoir suggest that man had 
produced from 5 to 20 by 10” atoms of C™ as of March 1958. The main uncer- 
tainty in this estimate results from lack of knowledge of the stratospheric inven- 
tory. If the stratospheric storage time is 3 years the total inventory is probably 
about 20 by 10” atoms. The inventory of cosmic ray produced C* is about 2000 
by 10” atoms. Thus complete mixing of the bomb C™ produced up to March 1958 
will result in a net increase of 0.5 percent in the level of C“ in humans. The 
present level (10 percent higher than that of the prebomb era) is a transient one 
reflecting the finite mixing rates within the dynamic carbon reservoir. 

The important question is, How long will it take before complete mixing has 
occurred? Our lack of knowledge concerning the large scale circulation in the 
deep oceans makes such estimates quite uncertain. From our present knowl- 





in 
ial 
ial 
ice 

of 
at- 
nce 
the 
‘or 
lly 
ing 
50, 
10; 
me 


mb 
ion 
ists 
“Oy 
sue 
‘ion 
ber 
the 
‘on- 
the 


rom 
» of 
han 
lio- 
wn 
ere. 
pid 


up 
‘hat 
fect 
uch 
CO: 
> of 


t as 
not 


had 
cer- 
ven- 
ibly 
2000 
L958 
The 

one 


has 
the 
owl- 


FALLOUT FROM NUCLEAR WEAPONS TESTS 2001 


edge it seems reasonable however that mixing will occur at a rate resulting in 
a twofold reduction of the atmospheric concentration every 10 to 70 years. 

After complete mixing occurs the residual atmospheric bomb C™ will dis- 
appear at the rate of half every 5,600 years. 

In summary, fairly reliable estimates of future levels of existing bomb C™ in 
humans can be made from data on the C™“ concentration in atmospheric CO, 
alone providing that the following information can be obtained (order of de- 
creasing importance). 

(1) The patterns and rates of oceanic circulation. 

(2) The source and mean residence time of carbon in terrestrial plants and 
humus. 

(3) The residence time of CO, in the stratosphere. 

(4) The residence time of carbon in human tissue. 


{To be submitted to Science] 
Boms C™“ In HuMANS 


Abstract.—The concentration of bomb-produced radiocarbon in humans can 
be expected to lag behind the rising concentration in atmospheric CO... Measure- 
ments on human materials suggests a lag of about 1 year for both breath CO, 
and blood, with the suggestion of a somewhat higher value for lung tissue. 
These results are in reasonable agreement with predictions based on indepen- 
dent evidence. 

In evaluating the hazard to man of bomb-produced radiocarbon, one of the 
factors which must be considered is the relationship between the C™* concentra- 
tion in the carbon of the human body and that in the carbon of atmospheric COs. 
Several investigators (1, 2, 3, 4) have published data on the atmospheric radio- 
carbon increase resulting from nuclear tests. To the author's knowledge no 
comparable information has been published for the human body. 

To date three measurements.of contemporary body radiocarbon have been 
made in this laboratory using the techniques described by Broecker et al. (4). 
The results given in table 1 are expressed as per mil difference from the C™ 
concentration of a standard sample (5). In order to eliminate differences 
resulting from isotepic fractionation, C*/C” ratios were determined on the 
counting gas for each sample, allowing the radiocarbon results to be normalized 
io a common C“/C* ratio. (See last column, table 1.) 

The results are plotted in figure 1 along with the curve published by Broecker 
and Walton (5) for the C“ concentration in average Northern Hemisphere tropo- 
spheric CO, as a function of time. Since all the results are normalized to the 
same § C’ value, displacements from the curve reflect only a lag between the 
human materials and the average atmosphere. For blood and breath CO,:, this 
lag is 1.1 years and for lung tissue 1.8 years. 

Ideally only two factors should contribute to this timelag: (1) the time 
between photosynthesis of food and consumption by humans and (2) the resi- 
dence time of carbon in human tissue. However, if the curve of figure 1 does 
not represent the atmosphere in which foods eaten by the sample subjects were 
grown, this fact will also influence the lag times. As discussed below, the ideal 
lag times are probably less than the values obtained from figure 1. 

As pointed out by Suess (6) and by Fergusson (7), plants growing in industrial 
areas show a greater fossil CO, effect (i.e., lower C“ concentration) than those 
growing in areas removed from industrial activity. In addition, Munnich and 
Vogel (3) have suggested that plants growing in zones of dense vegetation may 
incorporate CO, given off by decaying organic materials in soils. Since the curve 
of Broecker and Walton is based on samples collected in areas remote from both 
industrial activity and dense vegetation, part of the observed lagtimes as ob- 
tained in figure 1 may be due to local depression of the C™ concentration in 
atmospheric CO.. 

Although it is not possible to predict how great this effect might be, a few 
issumptions can give an idea as to magnitude. If the local “Suess effect” (i.e., 
dilution with industrial CO.) were to be 1 percent greater than the world-average 
value of 2 percent (7), the lagtime as measured in figure 1 would be 0.2 years too 
long; this is based on the presently observed atmospheric increase of 5 percent 
per year. Furthermore, if plants were to photosynthesize a significant amount 
{say 10 percent) of decay CO, and if this CO, were derived mainly from organic 
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material grown before bomb testing began, then an apparent lag of 4 months 
would be introduced. Thus, it is evident that lagtimes read from figure 1 are 
maximum values. 

A crude estimate of the lag between photosynthesis and human consumption 
can be made by considering the average American diet. For fruits, vegetables, 
and grains, the time is not likely to exceed 1 year, for the supply of these foods is 
completely replenished each growth season. Milk products should havea similar 
timelag, since the milk should closely reflect the animal diet (a cow produces its 
own body weight of milk in 3 months). An analogous situation exists for eggs. 
On the other hand, meat may show a longer lag, since the mean residence time 
of carbon in the animal must be taken into account. Since meat provides less 
than 20 percent of the carbon in the average diet, this effect is probably not suffi- 
cient to raise the average lag to more than 1 year. 

To the authors’ knowledge the biological half life for carbon in the soft tissue 
and bone of man has not as yet been determined. For soft tissue in rats the 
value is 35 days (8), but as shown by Richmond and Langham (9), who have 
determined biological half times of alkali metals in various mammals, the resi- 
dence time for humans may be considerably different than for rats (for Cs™ it is 
a factor of 6.5 longer). <A lower limit for the turnover time can be obtained by 
dividing the carbon content of the body by the amount of carbon metabolized per 
day. The latter may be computed as food intake less fecal excretion or as 
respiratory CO, plus urinary carbon. In either case, the result is about 300 
grams of carbon. For a 150-pound person, therefore, the minimum turnover time 
for the body as a whole is about 40 days. This figure is also the length of time 
which respiratory CO, should lag behind ingested food. 

From the foregoing information, these three conclusions are warranted: 

(1) The interval between the fixation of carbon in average food and the con- 
sumption of that food is less than 1 year (i.e., less than 1.1 years minus 40 days). 

(2) The maximum time which blood lags behind food is about 6 months; in 
other words, the mean residence time of a carbon atom in the blood is no more 
than 6 months. This is based on an upper limit (20) for the difference between 
blood and respiratory CO, (20 per mil) converted to months through division by 
4 per mil per month (equivalent to the slope of the atmospheric curve in fig. 1) 
and supplemented by the 40-day lag between breath and food. 

(3) The carbon of lung tissue has a somewhat longer mean residence time than 
that of blood. 

From this discussion it is evident that more measurements are needed. Among 
other things, further measurements should answer these three major questions: 
(1) To what extent does decay CO, enter growing plants? (2) To what extent 
can variation in diet affect the lagtime? (3) What is the mean residence time 
of carbon in human soft tissue and in human bone? Answers to these questions 
will provide further data needed in assessing the hazard to man of bomb- 
produced radiocarbon (10). 

WALLACE S. BROECKER. 
ARTHUR SCHULERT. 
EpwIN A. OLSON. 


Lamont Geological Observatory, Columbia University, Palisades, N.Y. 


TABLE 1—C"/C” ratios for human materials 





| | 
Sample No. | Sampling date| Sample description acu | 6cn 


L-371A : June 1958.__._| Lung tissue (with associated blood) from 61410 | 
| a- ew York City resident. 
L-505A _......| Jan. 1, 1959- Respiratory CO, from a resident of Rock- | 106+8 | 
land County, N.Y. 
L-505B_______| Jan. 1,1959._.| Blood from same person as L-505A_....__.| 11548 | 
| 
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STATEMENT oF Dr. HARRY WEXLER, DIRECTOR OF METEOROLOGICAL RESEARCH, U.S. 
WEATHER BUREAU, TO THE JOINT COMMITTEE ON ATOMIC ENERGY HEARINGS 
ON FaLiovut, May 5-8, 1959 


The statement which I submitted during the 1957 fallout hearings included 
recommendations to improve our understanding of the mechanics of storage, 
transport, and removal of radioactive materials in the atmosphere. These rec- 
ommendations, in my opinion, are still valid and 1 am happy to report that some 
of them have been partially implemented : 


1. METEOROLOGICAL OBSERVATIONS IN THE STRATOSPHERE 


As a result of emphasis given during the International Geophysical Year 
on high altitude exploration of the atmosphere, the average height of the 
U.S. network of radiosonde balloons has increased from 60,000 to 75,000 feet. 
In addition, there has been a lateral expansion of the networks from the 
North Pole to the South Pole. Much has been learned of similarities and 
contrasts in behavior of the stratospheres in the Northern and Southern Hemi- 
spheres, particularly in the polar regions. 

Some progress has been made on the development of a relatively inexpen- 
sive lightweight rocket capable of carrying meteorological instruments to at 
least 200,000 feet to measure wind and temperature in the important 100,000 
to 200,000-foot layer located above the usual balloon ceiling. It is hoped that 
after the period of testing now going on has been completed, means can be 
found to establish widespread synoptic networks over large portions of the 
earth’s surface. The U.S.-IGY rocket firings at Churchill, Canada, using heay- 
ier, more expensive rockets, capable of going to greater heights, have revealed 
a great deal of unsuspected information on the structure and motions of the 
subarctic stratosphere. 


2. AIR SAMPLING AND ASSAYING IN THE STRATOSPHERE 


While progress has been made in obtaining air samples and measurements 
in the stratosphere for a determination of radioactivity, the available AEC 
observations are still too scattered in time and space and apparently of not 
sufficient quality to answer the host of pressing meteorological questions 
relating to the stratospheric storage, diffusion, and exchange with the lower 
atmosphere. With regard to the latter, during the past few years natural 
cosmic-ray-produced radionuclides have revealed the presence of stratospheric 
air in the troposphere. Better understanding of stratospheric circulation and 
transport will result from the tracking of radioactive traces, both natural 
and artificial. However, to exploit the use of these tracers, we must greatly 
expand our field program involving specially equipped aircraft, balloons, and 
rockets to obtain stratospheric air samples and measurements. Since there 
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are sO many conflicting theories in this field, it is important that such ex- 
panded observational porgram be under the technical direction of a meteor- 
ologist who has specialized in this field. 


3. PREDICTION OF STRATOSPHERIC TRANSPORT AND MIXING 


The high-speed automatic electronic computer and its associated data process- 
ing equipment are being used more and more successfully in handling the weather 
analysis and prediction problem in the lower atmosphere. Development of simi- 
lar comptuational models for the stratosphere has been slow primarily because 
of lack of observations in the stratosphere. Here again the IGY has contributed 
significantly by stimulating collections of data by radiosondes, rockets, and 
satellites. 

From the expanded radiosonde network in both polar stratospheres it is becom- 
ing more apparent that the dynamics of the stratospheric circumpolar vortex 
play an important role in large-scale mixing processes in the stratosphere. The 
dramatie mid- or late-winter breakdown of the Arctic stratospheric vortex which 
does not seem to have a counterpart in the Antarctic, introduces vigorous hori- 
zontal and up-and-down motions which undoubtedly play a major role in mixing 
and moving large quantities of stratospheric air through the tropopause gap into 
the lower atmosphere at middle latitudes. This breakdown appears to be asso- 
ciated with the formation of islands of hot and cold air in the stratosphere, 
some of which according to the rocket measurements at Churchill, extend up to 
more than 150,000 feet thus indicating that these motions affect a deep layer of 
the stratosphere. The reasons for this sudden breakdown of the stratospheric 
vortex in the Arctic but not in the Antarctic are not quite clear. It is possible 
that this may stem from the difference in the geography of the two hemispheres. 
It is also possible that solar and cosmic energy trapped in the Van Allen radio- 
active belt, discovered by recent satellites, may be bled off sporadically in the 
auroral zones and initiate thermal and kinetic response of the underlying 
atmosphere. But why this should affect one polar region and not the other is 
not clear. 

All these new data and concepts make it more pressing that mathematical 
models for stratospheric circulations be set up and solved on electronic 
computers. 

Although a start has been made in implementing the recommendation made in 
1957 in this area, much more needs to be done to exploit the new sources of data 
and to apply modern computer and data processing techniques. 


4. REMOVAL PROCESS 


A program to study the removal processes of atmospheric dust particles has 
been initiated. At Mount Washington, N.H., natural cléuds have been sampled 
for strontium 90. The results strongly suggest that the radioactive particles 
enter the rain or snow while the latter are present as small cloud droplets. 
Laboratory studies at the Armour Research Foundation in Chicago are designed 
to understand the mechanism by which this collection occurs. Another field 
experiment at the Massachusetts Institute of Technology in Cambridge will try 
to relate the scavenging of radioactivity to the nature of the precipitation. It 
appears likely that further research can uncover the means by which rain 
removes atmospheric aerosols. 

But there is another aspect of the removal process which we are unable to 
study. This is the impaction of particles on quasi-vertical surfaces like trees, 
buildings, and so forth. The removal of this mechanism is not included in the 
budgeting of fallout as computed from soils or rainfall collecting pots. If we 
could assure outselves that the fraction of radioactivity removed by this mech- 
anism is negligible it would be unnecessary to expend any major effort to 
understand the details of the process. 

While not entirely a meteorological problem, an intensified effort should be 
directed to the problem of soil versus deposition on herbage as the source of 
strontium 90 in food. Admittedly, a difficult project, its importance in predicting 
future levels of strontium 90 in people is so important that a more vigorous effort 
to solve it is justified. 
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METEOROLOGICAL ADVANTAGES RESULTING FROM THE ATOMIC TEST MORATORIUM 


In the past the work of studying stratospheric versus tropospheric storage, 
transport, mixing, and fallout has been greatly complicated by the large number 
of injections of radioactive material into the atmosphere. Now that no new 
injections have been made in the past 6 months it becomes easier to eliminate 
certain troublesome problems. For example, since the tropospheric fallout is 
much faster than the stratospheric fallout, because of the efficient scavenging of 
precipitation, as time goes on any of the material originally injected in the 
troposphere will vanish and the debris stored in the stratospheer will contribute 
practically all of the fallout. It is important that the data collection and analy- 
sis program not only be continued but be intensified along the lines given above 
for several years, especially if no new injections of radioactive materials are 
made into the atmosphere. This opportunity to utilize these artificial radioactive 
tracers May never again present itself if future injections are made as they were 
prior to November 1958, and we may never find the answers to some of these 
important meteorological questions relating to the intensity and geographical 
area of fallout. 

POSSIBILITY OF LOSS TO SPACE 


It is known from the Argus experiments that much of the radioactive debris 
released from nuclear explositions at about 300 miles stayed outside the earth's 
atmosphere and spread over the earth as part of the inner zone of the Van Allen 
radioactive belt. It is conceivable that nuclear explosives occurring at lower 
elevations might also lose a part of their radioactive debris to space instead of 
being deposited on the earth. It is important that careful study be given to the 
possibility that there exists some height in the atmosphere, above which all, or 
nearly all, of the radioactivity released by a nuclear explosion may not return to 
earth. 


UNIVERSITY OF CALIFORNIA MEDICAL CENTER, DEPARTMENT AND LABORATORIES, 
NUCLEAR MEDICINE AND RADIATION BIOLOGY 


SUMMARY STATEMENT OF FINDINGS RELATED TO THE TESTING PROGRAM AT NEVADA 
TEST SITE 


(By Kermit H. Larson, Chief, Environmental Radiation Division ; James W. Neel, 
Chief, Biophysical Relationships Section, and associates ) 


During the last decade the Environmental Radiation Division has been in- 
volved in progressively intensified programs designed to answer one principal 
question, viz, how much man-made radioactivity distributed in the environ- 
ment can be tolerated safely by man and his economy? 

The more specific objectives of our effort within this broad context include: 

1. Delineation of fallout patterns and their characteristics with respect to 
particle size through which the mechanics of fallout can be more accurately 
defined. This, in turn, leads to a comparison of the effects of the yield of device 
detonated, type of device support, and the relation of the detonated device to 
ground surface upon the resultant fallout radiation intensity including the 
residual radioactivity per unit surface area within the fallout pattern. 

2. A detailed study of the chemical, physical, and radiological characteristics 
of fallout debris relative to its particle size and occurrence within the fallout 
pattern. 

3. Determination of the biological availability, rate of accumulation, and 
retention of the fallout debris in various native and domestic plants and animals, 
as well as the persistence and redistribution of residual contamination in the 
total environment. 

Environmental studies have clearly revealed that (1) biological effect (or 
hazard) cannot be realistically assessed on the basis of measurement of only 
the gamma radiation field. Fission products from radioactive debris produced 
by man are being assimilated by animals with the maximum degree of accumu- 
lation not necessarily near the source of the nuclear reaction. Further, within 
a distance of 400 miles from the Nevada test site, the plant foliage is a selective 
particle collector. There has been no significant accumulation of activity 
through the root system. (2) Biological availability of fallout debris is strongly 
influenced by the conditions of contamination and by the physical and chemical 
nature of the contaminating material and its interaction with environmental 
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factors. (3) Within 200 miles from the Nevada test site Sr® and Sr® are esti- 
mated to be less than 10 percent of the total theoretical Sr® and Sr” generated 
by all detonations at the Nevada test site since the Ranger test series. 


Fallout phenomenology and its characteristics 


Fallout from test devices detonated at Nevada test site is governed by many 
complex variables such as: energy yield; wind structure; the support used for 
the detonation of devices; ground surface; degree of fireball intersect with 
ground surface; and mass of inert material surrounding the device. The data 
presenting the resultant effects and characteristics of fallout from the various 
detonations studied by this laboratory are summarized in the following state- 
ments: 

1. Improvements in early measurement of fallout —The coordination of aerial 
survey measurements of fallout patterns with ground measurements using fall- 
out radiation-calibrated survey instruments has greatly increased the detail and 
accuracy of fallout pattern delineation and the distances to which fallout patterns 
can be detected. 

By use of aerial survey equipment techniques of the U.S. Geological Survey, 
fallout radiation intensities within approximately 10,000 square miles can be 
measured in about 12 hours. Aerial measurements agreed within +10 percent 
of measurements taken 3 feet above the ground by survey meters. Fallout pat- 
terns were routinely measured to distances of 300 miles from ground zero or 
less; however, one tower shot pattern was extended as far as 700 miles from 
the Nevada test site, and levels were still readily detectable at the termination 
point. Fallout intensities as low as 0.1 mr/hr were subject to errors of less than 
+ 20 percent due td natural background radioactivity fluctuations. 

The response of eight different types or models of hand-carried survey instru- 
ments to fallout radiation was as much as + 35 percent of that observed for 
a reference type of instrument (Radiac Model AN/PDR-T1B). Comparative 
measurements in fallout radiation fields yielded factors which normalized read- 
ings to fission product mixtures. 

2. “Local” fallout levels of radiation.—Proximity to ground surface as well 
as increased mass of support and cab structures increased fallout in areas adja- 
cent to the Nevada test site. 

Aerial bursts were not detectable by ground survey methods within 200 miles 
of ground zero. Two 1,500-foot balloon shots which did not intersect the soil 
surface deposited less than 0.2 percent of the theoretical fallout activity * within 
the 1 mr/hr radiation intensity contour (at H+12 hours) between the distance 
of 1 mile from ground zero and that corresponding to a fallout time of H+12 
hours. A balloon shot which intersected the soil surface deposited 2.12 percent 
of the theoretical fallout. Tower shots, which in some cases intersected the soil 
surface and in other cases did not, deposited 6.7 to 24.5 percent of the theoretical 
fallout activity within the same distance limits. 

3. Particle size distributions in fallout patterns.—Fallout particle sizes decrease 
with distance from ground zere and with lateral distance from the midline of 
fallout. The relative amount of radioactivity associated with small particle 
sizes (less than 44 micron) and hence the amount of fallout occurring at greater 
distances from ground zero was increased by decreasing the mass of support and 
cab materials. 

We found that vegetation in the environs of Nevada test site during the 
teapot series retained only the 0-44 micron fallout particle fraction. Therefore, 
this size range has been emphasized in our recent studies. 

Within the limits of 1 mile from ground zero to a distance corresponding to 
H+12 hour fallout time, 500- and 700-foot tower shots had approximately 30 
percent of the fallout activity associated with particles less than 44 microns in 
diameter. A 700-foot balloon shot had 70 percent of the fallout activity asso- 
ciated with the same size fraction. 

On the average, 38 to 50 percent of the less than 44 micron-diameter fallout 
activity of tower shot fallout samples was associated with the less than 5 
micron-diameter particles and 51 to 83 percent in the case of balloon shot sam- 
ples. Various percentage contributions of less than 5 micron-diameter fallout 
particles were observed at virtually all sampling locations for both tower and 
balloon shots. 


1The theoretical potential fallout is calculated on the basis of 300 gamma megacuries 
at H+1 hour per KT yield. 
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4. Solubility of fallout materials.—Solubility is one of the most important 
properties of fallout with respect to the internal emitter problem in biological 
systems. As indices of biological availability, we arbitrarily use the solibility of 
fallout material in water and 0.1 V HCl. 

The solubilities of balloon shot fallout materials exceeded those of tower shot 
materials in both water and acid. The solubility of tower shot fallout increased 
with decreasing particle size. However, in the case of balloon shot fallout, the 
smaller particles were somewhat less soluble than larger particles. 


[In percent] 


| Tower shots | Balloon shots 


Water solubilitv expressed as percent total beta activity: 
Greater than 44 micron fraction <1 31 
Less than 44 micron fraction 2 14 
0.1 N HC1 solubility expressed as percent of total beta activity: 
Greater than 44 micron fraction 5 > 90) 
Less than 44 micron fraction 14-36 >60 





It should be noted that the beta activity of fallout from the underground shot, 
Jangle Series, had a solubility greater than tower shots but less than balloon 
shots for the particle range of less than 44 microns, It was 5.4 percent soluble 
in water and 25 percent soluble in 0.1 N HC1. 

5. Radiochemical properties of fallout materials.—Small particle sizes had 
higher percentages of radiostrontium and radioruthenium at 30 days after shot 
than larger particle sizes. The percentages of radiostrontium and radioruthe- 
nium in balloon-shot fallout were several times higher, and radiozirconium lower, 
than in corresponding particle sizes of tower-shot fallout. Percentages of radio- 
barium, radiocerium, and radioyttrium varied to a lesser degree between tower- 
and balloon-shot fallout. Strontium 90 averaged 2.7 percent of total radiostron- 
tium in tower-shot fallout at D+30 days. 

The distribution, as of D+30 days, of radioisotopes of Ba, Ce, Ru, Sr. Y, 
and Zr with respect to different particle sizes of tower- and balloon-shot fallout 
is illustrated in figure 1. The average radioactivity values expressed as percent 
of the total activity due to the primary contributing isotope(s) as D+30 days 
are summarized below: 






















iverage percent of activity at D+30 days 


Theoretical 


Isotope Tower Balloon US fission 
products ! 





sontewt 13. <4 10, 49 
Cell, 144 17.6 14.3 13. 10 
Ru!03, 106_ 2.6 9.2 5. 99 
SR ee 1.83 4.3 6 
Sr® bantas ode nibh eeenssh ode CE Basco cnt. daties . . 8 
y? 10.4 14 7.74 
Bs cnbdcintes i“ 7.8 | 3. 93 8.13 
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6. Deposition of biologically available radioisotopes ——A comparison of a bal- 
loon and a tower shot having similar KT yield and the same detonation height 
indicated that over a 1- to 15-hour fallout time period the amounts of water- 
soluble radiobarium and radiostrontium deposited by the 0-44 micron fraction 
of each shot were similar despite relatively large differences in the 0-44 micron 
fallout activity level. 

The widespread distribution of 0-44 micron fallout from all types of devices 
detonated at the Nevada test site indicates that this size fraction is the most 
significant with respect to total area of contamination. Assuming that the sol- 
uble fractions of fallout reflect the same radioelement percentages as the original 
fallout, the application of solubility percentages to radioelement percentages 
Yields the percentages of the various radioelements in 0.1 N HCl and water- 
“- 


42165 O—59—vol. 3 
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soluble extracts. Based on such calculations, the relative amounts of the several 
radioelements in the soluble fractions of equal amounts of 0-44 micron fallout 
from a tower and a balloon shot of similar yield and height of detonation ap- 
pear in figure 2. The deposition of 0-44 micron fallout from the tower shot, 
however, considerably exceeded that of the balloon shot at different fallout times 
from 1 to 15 hours (fig. 3). The application of soluble radioelement percentages 
to measured and integrated 0-44 micron radioactivities of the two shots yields 
the relative amounts of the various radioelements at different fallout times. As 
exumples, the relative amounts of total acid-soluble and water soluble radio- 
barium and radiostrontium derived from the 0-44 micron size fraction deposited 
by the two shots at various fallout times appear in figures 4 and 5. While the 
amounts of total and acid-soluble radiobarium and radiostrontium deposited by 
0-44 micron fallout from the tower shot are higher over the 1- to 15-hour 
fallout period, the amounts of water-soluble radiobarium and radiostrontium are 
similar. 
FIGURE 2 


Calculated Priscilla/Smoky D + 30 Day Radioelement Ratios in Untreated, 


Acid-soluble, and Water-soluble Fractions of O - 44 micron Fallout 
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7. Decay of fallout radioactivity. Fallout materials from a specific shot had 
similar beta decay curves regardless of particle size and time of fallout. Beta 
decay curves of most shots approximate the T~? decay relationship from H+12 
to H+6,000 hours. Slopes of the order of T°? occurred from H+6,000 to 
H+10,000 hours. 

Decay curves of the gamma emission rate were different from those of beta 
decay for fallout materials from a specific shot. Gamma decay curves of fallout 
from different shots were generally similar, but more variable than correspond- 
ing beta decay curves. Plumbbob beta and gamma decay curves are illustrated 
in figure 6 in relation to the TT’? decay curve and a theoretical mixed fission 
product (U*) decay curve. 

Estimates of dosage in fallout areas have generally been based, in part, on a 
decline of dose rate (mr/hour) with time according to the T~? relationship, 
A dose rate decline with time according to the Plumbbob gamma decay curve 
illustrated in figure 6 yields calculated doses which are 1.5 to 2 times greater 
than those calculated by the T°? relationship for different fallout times to 
approximately 400 days after shot (see below) : 


Comparison of dose to 10,000 hours calculated on the basis of Plumbbob gamma 
decay curve and T~* relationship (100 mr/hour at time of arrival) 


Plumbbob | T-!-2 dose to | Plumbbob 
Time of arrival dose to 10,000 hours dose/T-!2 
10,000 hours dose 


H+2 hours ‘ , 638 818 mr 2. 
H+4____ : 2, 63 , 582 
H+6___. 3, 99S 2,319 
H+8___. ‘ 3, 041 
H+10 | 5, 3, 744 
H+12 }, 679 , 437 


8. Deposition of radiostrontium in areas adjacent to Neveda test site—A bal- 
loon shot, whose fireball intersected the soil surface, deposited 0.13 percent of 
the total amount of Sr® produced ? within a distance of 1 mile from Ground Zero 
and the distance corresponding to H plus 12 hours fallout time. Two balloon 
shots, whose fireballs did not intersect the soil surface, deposited 0.004 and 
0.008 percent of the total amount of Sr™ produced. Tower shots deposited from 
0.5 to 2 percent of the Sr” produced and from 1.6 to 6.3 percent of the total 
amount of Sr” produced? 

Calculations were based on the results of Sr” and Sr” analyses of fallout 
samples and integrated fallout radiation intensities converted to curies by ratios 
of pc/ft? and mr/hr. The analysis of balloon shot samples for Sr” was not 
performed. 

The tower shot percentage deposition of Sr® is less than that of Sr” to distances 
corresponding to H plus 12 hours fallout time. This is due to relatively low per- 
centages of Sr in larger particle sizes which generally represent the majority 
of the fallout activity in areas close to Ground Zero. This fractionation of 
Sr® and Sr” with respect to particle size can be predicted on the basis of the 
different half lives of their noble gas precursors, Kr” and Kr”, respectively. 

The percentage deposition of Sr” is generally lower in the 1 mile to H plus 12 
hours fallout time area than that of total fallout (sec. 2) as a result of low Sr”” 
percentages in the larger fallout particles. 


Biological availability as related to the fate and persistence of fallout as 


measured at various locations within fallout patterns up to 400 miles from 
Nevada test site 


In undisturbed areas the radioactive debris from fallout is confined to the 
surface 2 inches of the soil profile even after 9 years following fallout contami- 
nation (Trinity areas, New Mexico). In agricultural areas under cultivation, 
the distribution of activity is found down to depths of 4 to 8 inches due to 
plowing, harrowing, etc. Soil leaching laboratory experiments using the equiva- 
lent of 84 inches of water translocated the surface activity only about 0.5 inch 
into the soil column. 


2 The theoretical potential Sr*® and Sr™ fallout is based on the production of 1 gram or 
27,700 curies of Sr* and 1.14 gram or 146 curies of Sr® per KT yield at H plus 1 hour. 
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Surface-deposited fallout tends to become mechanically trapped in the environ- 
ment. The amount that is redistributed declines with time. Strong disturbance, 
however, causes material to be redistributed at levels approximating the initial 
contamination of medium- and long-lived fission products. 

Particles 44 to 88 microns in diameter contributed an average of 9.7 percent 
of the total redistributed fallout following Priscilla (balloon) as compared to 
21.0 percent following Smoky (tower) of the Plumbbob test series. Particles 
less than 44 microns in diameter contributed an average of 85.8 percent follow- 
ing Priscilla compared to 68.3 percent following Smoky. 

During the Plumbbob test series, it was found that the gamma radioactive 
decay measured in the field was similar to the decay of comparable fallout 
samples measured in the laboratory. Also, the aerosol concentrations were 
similar following both Priscilla and Smoky despite significant differences in 
initial contamination. 

Forage plants are recontaminated due to redistribution of selected particulates. 
This provides a continuous source of internal emitters to grazing animals, and 
a persistent low radiation field which is dependent on the changing proportions 
of medium- to long-lived fission products. During the Teapot and Plumbbob 
test series, it was found that the principal source of activity found on forage 
plants is due to particulate fallout in the less than 44-micron size fraction; i.e., 
vegetation within fallout patterns out to 300 miles from Nevada test site is a 
“selective” particulate collector. The number of particles retained by the foliage 
is dependent upon its characteristics such as hairs, glands, and other mechanical 
traps. Up to 21.6 percent of the contamination on washed leaves was soluble 
in0.1 N HC1, which suggests that a similar percentage of the fallout material 
ingested would be available to animals. 

The fallout contamination of native plant material persisted through the 
18-day period following both Priscilla and Smoky, the only change being that 
due to radioactive decay. 

The accumulation of fission products from fallout debris from tower detona- 
tions by native forage crops and alfalfa, through the root system, is a negligible 
fraction of the total contamination on or in the soil (within 300 miles of 
Nevada test site). 

During the 1955 test series, radioiodine, I™, in the thyroids of rabbits and 
other native rodents was found to be a function of distance. The maximum 
concentrations were found at approximately 60 miles. This maximum concen- 
tration was a factor of 2 to 7 times higher than that documented at 20 miles or 
at 160 miles. Twelve months after Upshot-Knothole series, and 6 months after 
the Teapot series, radiostrontium was also found to be a function of distance, 
with the maximum bone concentrations in rabbits at 130 miles along previously 
documented fallout patterns. 

Between 82 and 87 percent of the total radioactivity found in the thyroid 
tissue of the native rodents at H+72 hours consisted of 17 to 20 percent as 
iodine 131 and 65 to 67 percent as iodine 133. The maximum accumulation 
occurred at approximately D+14 days with samples taken at D+20 days con- 
taining only iodine 131. Of the several fission products (Sr*—”, Y", Ce™, Cs, 
and Ba”) accumulated in bone, 12.5 to 40.0 percent was accounted for in terms 
of radiobarium and radiostrontium by D+ 20 days. 

Maximum tissue accumulation of biologically available fission products occurs 
at locations corresponding to fallout times of H+2 to H+3 hours. Fission 
product concentrations then decreased with increasing time of fallout. In the 
single balloon shot studied, the slope of decrease was constant between locations 
corresponding to H+2 to H+12 hours. In tower shots, however, biologically 
available fission product concentration tended to be uniform over distances 
corresponding to H+5 to H+14 hours. 

For any given location the relative tissue accumulation of biologically avail- 
able fission products resulting from Priscilla and Smoky fallout contamination 
was Similar with the peak values occurring by D+7 days. 

Biological “hot spots” were identified geographically in the Boltzmann (78 
miles from Ground Zero), Diablo (60 miles from Ground Zero), Smoky (70 miles 
from Ground Zero), and Shasta (172 miles from Ground Zero) patterns. 

In the laboratory, the rate of radioactive decay of isolated tissue samples, 
collected from the field at the beginning of any particular study, the decline of 
radioactive content of tissues serially sampled from the field population, and the 
tate of radioactive decay of fallout in the environment are similar for samples of 
skin, GI tract, and muscle. Liver and kidney tissue from the povulation and in- 
dividual are similar in decay characteristics but deviate markedly from the rate 
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of radioactive decay of fallout in the environment. These relationships are not 
apparent for bone and reflect the buildup or retention of specific isotopes. 


Sr” contamination levels in Neveda and Utah soils 


Strontium 90 levels of surface 0- to 1-inch soil samples collected in Nevada and 
Utah in August 1958 ranged from 31.9 to 142 mc/square mile in virgin areas 
near known fallout midlines and from 7.5 to 22.7 me/square mile in agricultural 
areas which did not coincide with fallout midlines. 

The Sr” contamination levels in agricultural 0- to 1-inch surface soil samples 
are lower than those of virgin area samples (table 1) probably as a result of 
both lesser amounts of fallout from Nevada test site activity and subsequent 
cultivation of the soil. The observed surface levels in agricultural areas are 
similar to those reported in other areas of the country; however, the levels 
of Sr” in the subsoils are presently unknown. 

The assumption that Nevada test site activities represent the major source of 
Sr” at the virgin area locations is supported by Sr” percentages of total beta 
activity. The theoretical percentages for various series tend to be approached 
by the observed percentages (table 2). 


TABLE 1.—Sr” levels by fusion analysis at 11 selected areas in Nevada and Utah 
(date of collection, August 1958) 


Sr® activity (0-1” 
depth) 


Location 


me/sq mi | pye/g Ca 


Cultivated agricultural areas: 
Almo, Nev-_.-. .....-.---| 1 mile south 
Moapa, Nev... 7.7 miles northwest 
Riverside, Nev ; 0.4 mile south 
St. George, Utah... ....----] 1 mile southeast 
Hurricane, Utah_..........._.._] 1 mile southwest 
Enterprise, Utah_-__-_. ......| 0.7 mile north 
Cedar City, Utah..._._._...._._| 2 miles southwest of Enoch 
Vernal, Utah. 4 miles south 

Virgin undisturbed area, fallout 

midline locations: 

Moapa oo 142.0 
Elgin, } . = 114.0 
St. Ghoren. es. ‘miles north 45.6 
Enterprise, Utah__......__..._._| 9 miles north 41.2 
Panguitch, Utah igieéss City limit, northwest corner 31.9 
Sunnyside, Utah. -_-_............| 3.1 miles south of Columbia, Utah.-.._---- 67.2 
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TABLE 2.—Observed and theoretical Sr” percentages of total activity at locations 
on midlines of specific detonations 


| 


| 
Location Series Shot ett | event of total activity 


Sr® activity as of August 1958 


me/sq mi . 
Observed ! | Theoretical 
| (for series) ’ 


Moapa, Nev 8 miles north..| Upshot- Si See 12. 243. 18 | 18-19 
Knothole. 
St. George, Utah_.| 5 miles north--} J ie-Si L . 3. 060. 10 18-19 
Elgin, Nev 3.8 miles 6. 7741.15 11-12 
southwest. 
Enterprise, Utah_| 9 miles north r 7. 01+3. 79 11-12 
Panguitch, Utah__| City limit whats . 2. 380. 30 2-3.5 
Columbia, Utah__| 3.1 miles south : 2. 570. 38 2-3.5 


1 Standard deviation values refer to variation of Sr® percentages of 5 surface soil samples at each location. 
2 Determined from values published by Bolles and Balleau, USNRDL-456 


Four soil sampling sites have been subjected to a comparative study of Sr 
contamination measured by total solubilization following alkali fusion and by 
leaching with 6 N HCl. The results indicate clearly that in the Nevada-Utah 
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area total solubilization of soil samples is necessary in order to evaluate area 
contamination, and that the amounts of Sr” leached by 6 N HCl vary at least 
within the range from 13 to 78 percent of the total present as shown by the follow- 
ing tabulation : 


Sr*—me/sq mile 


Location 
NasCO; 6 N HCl 
fusion leaching 


Columbia, Utah 52.8 
Enterprise, Utah : ‘ 76 
Moapa, Nev 3 a 2 18.6 
Panguitch, Utah 16.2 


Survey of Sr” in milk in Nevada and Utah 


A survey is in progress at University of California at Los Angeles relative 
to Sr” levels in milk produced in Nevada and Utah agricultural areas. In addi- 
tion to analyzing milk samples, soil samples, obtained from pastureland, hay- 
fields, etc., on the farms from which milk was obtained, are being analyzed to 
determine the levels of Sr® contamination associated with the individual milk 
sources. The following table presents typical data obtained from July and August 
1958 sampling of several areas in Nevada and southern Utah. 


Comparison of soil and milk strontium 90 levels in representative areas in 
Nevada and Utah, July and August 1958 


Soil Sr! (0-1 depth) | 
Location a Milk Sr 
puc/g Ca 
me/sq mi puc Sr”/g Ca 





Alamo, Nev---- 
Moapa, Nev . 
Cedar City, Utah 
Hurricane, Utah - 
St. George, Utah 
Enterprise, Utah 
Vernal, Utah 


— ht et et BD 


BIEN AAaS 
Cone eI ww 
0 Om 99 me BOD 
NQoaaaow 
PROD om po 
“10 Oe tw 


' Determined by total solution following alkali fusion of surface 1 inch soil sample. 


The foregoing data in general serve to point out the fact that the Sr” levels 
in milk produced in this area are lower in relation to the amount of calcium 
present than is the case with soils by a factor of approximately 1.5—-2.0, and that 
the levels of Sr” in the milk are relatively low in relation to the levels of area 
contamination. 

Milk samples were collected in 1957 and 1958 to assess the influence of the 
Plumbbob test series. Table 3 presents available data. 

These data show no consistent relationship between the levels of soil con- 
tamination and the Sr” content of milk. This lack of agreement may be attrib- 
utable to a number of factors among which may be included variations in solu- 
bility and/or biological availability of the Sr”, dfferences in levels of normal 
nonradioactive strontium, and actual amounts of calcium in the dairy feeds. 
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TABLE 3.—Pre- and post-Plumbbob series Sr” and Cs’ content in milk collected 
Ska ‘earloue ranches in Nevada, Utah, and California (analysis by Environ- 
mental Radiation Division, University of California at Los Angeles) 


Location Date sampled Type and origin of feed as indicated by Sr | Csi? 
owner of herd | muc/g Ca |d/m/quart 


| 


| 
Alamo, Nev_.._- May 2,1957 | Idaho hay, St. George concentrate 


Do Aug. 3,1957 | No information available | 
Do.. Oct. 31,1957 | Alfalfa pasture, St. George concentrate __ 
Do July , 1958 | No information 7 
Antimony, Utah Sept. 20, 1957 | .do_. 
Do.. Oct. 21, 1957 Dry feeding exclusively 
Do_. July —,1958 | No information _____- 
Bishop, Calif .| Nov. 6,1957 | Hay from local source 
Fremont, Utah Sept. 9, 1957 | Hay, 20 percent; pasture, 80 percent; com- 
| mercial feed. 
Do.. Sept. 21,1957 | No information _ _- 
Do.. Oct. 19,1957 | Alfalfa pasture, commercial feed _- - 
Oe. = 53s July —,1958 | No information ---- 
Lund, Nev _-- Nov. 4,1957 | 1957 hay, alfalfa pasture, local grain - _- 
Mesquite, Nev___- Aug. 2,1957 | No information - 
Do.. Oct. 23,1957 | Local hay, St. George feed 
Milford, Utah 3 Apr. 29.1957 | 1956 hay, home grown grain 
ks. Oct. 26,1957 | 50 percent pasture, 50 percent 1957 hay, 
grain. 
Pahrump, Nev_-_-- Nov. 1,1957 | Home grown hay, ensilage, grain 
Panguitch, Utah Sept. 8, 1957 | Local pasture 
ae ..| Sept. 20, 1957 |.....do.. 
Do... a Oct. 21,1957 | Old hay -- 
Do - ; July —,1958 | No information - _- 
St. George, Utah__ | Aug. 31,1957 | 1957 hay, 3d cutting, grain 
Do - Oct. 28, 1957 | 1957 hay and ensilage, grain__- cal 
Do . July —, 1958 No information __- | 
Veyo, Utah i July 9,1957 | Hay from Enterprise, local p: asture._ 
. | 
| 


~<a 





= 


Do____. _...| July 15,1957 | No information _-- 

Do . Aug. 3,1957 |.....do-_- 

Do... ; ..| Sept. 10,1957 | Hay from Ehterprise and local pasture : 
eo ; Oct. 27,1957 | Hay from 1957 cutting-_-- sal 
ins, ...| July —,1958 | No information 2 
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A similar picture regarding the relationship between area contamination and 
biological burden is apparent where soil and bone Sr” levels are compared. 
Approximately 10 areas have had such a comparison completed. Whereas soil 
activity levels range from 13.8 to 142 mec./sq. mi., the range of bone activity 
(rabbits) is from 10-22 yye Sr”/g Ca, with some of the lowest bone levels co- 
inciding with high levels of area contamination. The picture is even more 
complex if the comparison is made on the basis of zuc Sr”/g Ca. in the soil. In 
this case the soil range is from 2.5 to 406 units. 

A survey of Sr” levels in the bones of male Big Horn sheep from the Desert 
Game Range, Clark County, Nev. covering two hunting seasons, 1956 and 1957, or 
pre- and post-Plumbbob operation has been made. Approximately 20 specimens 
from each season were analyzed. The mean value for 1956 was 2.8 guc Sr”/Ca, 
while the 1957 value was 6.6 gue Sr”/g Ca, or slightly more than double the 
1956 value. 

A similar survey of deer bones covering Nevada (NE quadrant primarily) 
more completely gives similar results, with some values ranging up as high as 
25 puc Sr”/g Ca. Where samples were obtained both years from the same local- 
ity, an increase in Sr” during the year, 1957, is apparent. 


Soil-plant factors experimentally determined which affect Sr? and Cs” accum- 
ulation in crops 


Several soil and plant factors influence the availability and accumulation 
of fission products in plants. Laboratory and greenhouse studies indicate that 
radiostrontium is most readily accumulated by crop plants from artificially 
contaminated soils. Only very small amounts of Y”, Ru’, Cs*, and Ce™ were 
accumulated. 

In a short time experiment (21 days), the addition of noncomposted organic 
matter to soils reduced Sr” uptake by barley seedlings. The application of un- 
decomposed organic matter at the levels equivalent to 10, 20, 50, and 100 tons 
per acre reduced the uptake of Sr” 12, 30, 50, and 75 percent, respectively. The 
influence of the organic matter applied was related to its effect on the soil 
microbial population and to the change in the chemical composition of the soils 
as the organic matter decomposed. 
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The addition of lime (CaCo;) and gypsum (CaCo,) to acidic soils low in 
native Ca reduced Sr” uptake by plants. Greatest inhibition occured at treat- 
ment levels equivalent to from 2 to 5 tons per acre. At these levels CaCO; 
reduced Sr” uptake about 60 percent ; CaSO+ caused 80 percent reduction. These 
Ca amendments to the soil had little or no influence on the uptake of Sr” from 
neutral alkaline soils. 

The uptake of Cs™ occurring as a contaminant increased as the K concentra- 
tion in the soil was reduced by prolonged cropping. The addition of K to con- 
taminated soils low in potassium content reduced the uptake of Cs™ by plants. 
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FALLOUT FROM NJCLEAR TESTS AT THE NEVADA TEST SITE 


Ccrdon M. Dunning 
Chief, Radiation Effects of Weapons Branch 
Division of Biology and Medicine 
‘tomic Energy Comission 
Vashingtor, 0. C. 
About one megaton of e- 
the Nevada Test Site fron ruclear test detonations. The total 
resultant fissior. rroduct activity, if measured at one hour after 
formaticn, would ~ave 2¢en adcuc 100-600 billion curies. There was 
nothing that could be cons to iessen the production of radioactive 
isotopes from a fission reaction, thus the utmost care and skill were 
required in the comiuct of the tests to minimize the deposition of 
the activity outside the Tcst Site. 
There follows a summary of the data on fallout fron muclear 


detonat-sons at the Nevada Test Site. 


I. EXTERNAL GAMMA _SXFOSURES 
Table I summarizes the data on external gamma exposures in ereas 
sround the Nevada Test Site resulting fron all past nuclear test 
detonaticns. Since the estimates are based on potential exposures 
in areas if persons had continued to live there continuously, full 
use should be made of the notes at the end of the Table. For exampic, 
the Table shows 10.80 roentgens for Dodge Construction Camp, Nevada, 


but the estimated exposure to persons wes about 2.7 roentgens since 
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no one was living in the area previous to Operation Plumbbob (Spring. 
swimer 1957). On the other nand, the Table indicates a zero popu- 
lation for Riverside, Nevada which is correct for the present, but 
during the time of heaviest faliout (Operation Upshot-Knothole 
Spring 1953) some persons were in the area. 

To summarize Table I: 

1. The highest estimated exposures were up to about 13 1/2 
roentgens for one person and 10 1/2 roentgens for another at 
Butler Ranch, Nevada 

2. The highest estimated exposure at any "community" 

Lincoln Mine) was about 6 roentgens. 
3. Between the above two radiation dose levels there 
mizht have been up to 30 persons so exposed. 


It may be noted that many of the estimated exposures according 


Le 
to Table = are higher than preliminary reports . This has 


~esultei from continuing studies of several factors, i.e. radiological 
jecay rates, weathering effects, instrwient cross~calibration and th 
iike. As with any such data there are associated uncertainty factors. 
The Committee has estimated these as follows: 
for doses .ess than 0.1 roentgen + 80% 
; doses 0.1 - 1.0 roentgens * 
fcr doses greater than1.0 r + 40% 


it wil. also be noted that some areas are included in Table I 


that did mot appear in the ;reliminary data. After all the monitoring 
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B~ data were collected, evaluated and plotted, interpolations between 
data points were made to include these areas. 
The map Estimated Radiation Doses presents the highlights of 
the data in pictorial form. 
As one of the monitoring programs, film badges were worn by 
versons in many localities around the Nevada Test Site. Assuming 
2 these were worn properly on the person, they represent one of the 
best estimates of actual exposures. Of interest is the ratio 
cf these film badge readings to those badges placed out of doors in 
the same general area. These data are summarized in Table II based 
o: 87 locations. The lower ratios would be expected due in part to 
shielding effects when persons were indoors. Those with higher ratios 
ie more difficult to explain. One factor is the normal movement of 


iE, tersons with some going to areas of higher contamination for periods 
‘f time 
2. 
The information from another study which analyzed data of 
dose rate readings inside and outside various type structures around 


tors. | the Nevada Test Site during Operation Plumbbob is summarized in 
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II. Environmental Contamination 
A. General 

Relatively fresh fission product fallout, such as that origin- 
ally piaced into the troposphere from a mclear detonation, contains 
a wide variety of isotopes. The composition (relative percentage 
of isotepes) varies with time after formation. Also fractionation 
may occur, i.e. there may be a deviation from the expected isotopic 
abundance due to the fact that some isotopes have gaseous precursors. 
Howe ver, the percentage of isotopes present may be approximated by 
the use of such data as contained in Reference Three. 

The fallout that occurs around the Nevada Test Site from miciear 
detonations at that location does so at relatively short times after 
an explosion. This radioactive material contains a large percentage 
of short-lived radioisotopes which contribute significantly to the 
external gamma dose but little te the accumulated dose accruing from 
those isotopes internally deposited. This is due to the short half- 
lives and to the relatively low uptake and deposition of most of these 
isotopes in the body. 

The isotope of principal concern in terms of internal irradiation 
is strontium-90, It would be desirable to determine the strontiun-9 
content of fresh fission product activity found associated with food- 
staffs and water. The isotopic analysis for this isotope, however, 


is not a simple and Quick procedure. In an understandable desire W& 
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make conservative estimates of potential health hazards, all of the 
fission product activity found in foods and water has at times been 
ascrived to strontium-90. This can lead to erromeous evaluations, 
for example, if fresh fission product activity is measured one week 
after formation as little as one part in 7000 of this activity might 
te due to strontium-90 (assuming no fractionation). In making such 
an approximation one does not intend that it is precise but it does 
more accurately estimate the strontium-90 content than does the method 
of ascribing all of the fission product activity to the one isotope. 
This type of approximation may be more nearly correct for surface 
contamination on objects (including exposed foodstuffs) and in rain- 
water, than in waters that have passed through or over soils, since 
some selective absorption would be expected in the latter case. 

As a result of the fallout that occurred in Southern California 
in the Fall of 1958, such foodstuffs as lettuce, spinach and celery 
wre found to contain gross beta activity (as counted about two weeks 
after the fallout occurred) anounting to a few - several tens of dis- 
integration: per minute per gran. Yet when five of these samples 
were later ars yzed for strontiun-90, the values ranged from 2.71 to 
4.9 strontiam units ~ values which are not significantly different 
tran foods grown elsewhere in the country and, in fact, are on the 


low side of the aversge. Additional samples are beine analyzed and 
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somewhat higher values will probably be found in some of these, but 
it would appear that whatever strontiun-90 there may have been in 
the fresh fallout it was not a major addition to that already in 
the plants (strontium-90 originating from past tests). 


B. Milk - Soils 

Considerable data on contamination of soils, plants and animals 
have been collected by the Offsite Rad-Safe Group of the Nevada Test 
Organization under Mr. Oliver Placak of the U. S. Public Health Servic 
and by several projects under Mr. Kermit Larson of the University of 
California at Los Angeles. These data may be found in the reports 
from these organizations. The information given here is only a very 
small part of these data. They were chosen to illustrate the general 


leveis of strontium-90 activity in the environment. 


Milk 

Prior to Operation Plumbbob and again following the completion 
of that test series sets of milk samples from around the Nevada Test 
Site were collected and analyzed by Mr. Kermit Larson of UCLA. With 
one possible exception (Panguitch, Utah) the values are not signifi- 
cantly different from those found in most other localities in the 
United States. These data are summarized in Table IV. 

Milk collections have also been made in the Glendale, Nevada and 
the St. George-Cedar City, Utah areas by the Offsite Rad-Safe Group 


and analyzed by the Division of Radiclogical Research, Robert A, Taft 
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Sanitary Engineering Center, Public Health Service, Cincinnati, 
Ohio. These data are summarized in Table V. These values are no 


higher than for most other areas sampled in the United States. 
Soils 


Soil samples from areas around the Nevada Test Site experi- 
encing some of the heaviest fallout fram tests at the Nevada Test 
Site were collected following Operation Plumbbob (1957) and are 
being analyzed for their strontium-90 content. Values from culti- 
vated lands are given in Table VI. Some preliminary data from 
non-tilled soils show, in general, higher values. These will be 


reported when completed. 
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C. Concentration of Activity in the Air 
The increase of small amounts of fallout debris in the air can 


be readily determined by the use of standard air sampling techniques. 
The sensitivity of this method provides an excellent monitor to 
determine the time of the appearance and the relative amounts of 
fallout. At the same time these data are subject to misinterpre- 
tations in terms of a "health hazard". For example, concentrations 
for short periods of fallout material in the air in amounts hundreds 


of times above background may not constitute a serious situation. 


This may be illustrated by the fallout that occurred in the Los Angeles, 


California area in the Fall of 1958. (See California Fallout Data 
report below.) 

The peak concentrations of radioactivity in the air over Los 
Angeles were due principally to the nuclear detonations at the Nevada 
Test Site on October 29, 1958. Mixed with this there was a smaller 
amount of longer-lived material originating from either previous 
detonations in Nevada or from the Russian explosions, or both. The 
recurrence of higher than normal activities in the air the first week 
in November was undoubtedly due to the meteorology conditions present 
whereby the air masses passed seaward over Los Angeles, then returned 
and remained in the general area, accompanied by an inversion layer. 

The concentration of fallout debris in the air peaked at 700 


micromicrocuries per cubic meter on October 30, 1958, dropped to 





les, 


ek 
nt 


ed 


FALLOUT FROM NUCLEAR WEAPONS TESTS 2029 


38 of these unite on November 1, and reached a second high of 370 
units on November 3rd. Prior to this fallout the "background values" 
were about 1 - 2 micromicrocuries per cubic meter. 

The biological evaluation of such data is quite tenuous, yet 
some estimates may be made. Using the methods described in Reference 
Four, it was estimated that the dose to the lungs from inhalation of 
air during the week of highest fallout activity in the air amounted to 
a few millirems. During the same period of time the estimated exposure 
to the lungs from naturally occurring radiation substances in the 
air (radon and thoron, together with their daughter products) 
probably was several times this amount. 

In addition to irradiation of the lungs there is the probability 
that some of the activity may find its way to other organs of the body. 
However, rallout around the Nevada Test Site has been found to be 
quite sonoma Only rough estimates can be made but these indicate 
that the strontium-90 that might be deposited in the body (other than 
the lungs) by the inhalation route, even on the day of peak air con- 
centrations (700 micromicrocuries per cubic meter) would be only a 
very small quantity compared to the normal daily strontium-90 intake 
by ingestion of foodstuffs. 

Concurrent with the fallout debris in the air over Los Angeles 
there was a deposition of some of this material on the ground. 


Fortunately, automatic gamma recorders were in operation and they 
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showed that the total external gamma exposure from this fallout was 
a few tenths of a milliroentgen at most - an amount received every 
day or two from naturally occurring radioactive substances in our 
enviroment. 

The highest measured concentration of radioactive fallout in 
the air over populated areas of the United States was at St. George, 
Utah on May 19-20, 1953 (as previously reported in the Congressional 


Hearings on fallout - 1957). A ener of these data indicates 


a lung dose of about 230 millirems . The radiation exposure to the 
lungs from inhalation of natwrally occurring radioactive substances 
varies from place to place and from time to time, but a value of 
about 25 millirems per week is a rough estimate. This is a lower 
estimate than was previously at, Knowledge on radiation doses to 
the lungs from naturally occurring radioactive substances in the air 
is still sparce, and such estimates that have been made cncomrass 2 
rather wide range. A more conservative value of 25 millirems per week 
is used here. Thus, the calculated exrosure to the lungs from inhala- 
tion of fallout debris in the air at St. George might have been equivale 
te that received in about 10 weeks from naturally occurring radioactive 
substances in the air. 
D. Concentration in Water 

Custemarily, only gross beta counts have been made on fallout 
activity in water. Without further analyses one can only make <s*i- 
mates as to isotopic content, and thus potential radiation coses. 


method for coing this is given in Reference Five. 
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The highest measured concentration of fallout activity in a 
potential drinking water supply (this is not a known supply for humans) 
vas at upper Pahranagat Lake, Nevada during the 1955 test series at 
the Nevada Test Site amounting to 1. x 1074 microcuries per milli- 


liter at three days after the detonation (as previously reported in 
the Congressional Hearings on fallout - 1957). If this water had 
been stored and used as a sole supply for 70 years, the total in- 
ternal doses may be estimated as follows: 
Bones ~1.0 rad 
Lower large intestine ~0.25 rad 
(with lesser doses to 
other narts of the GI 
tract) 


Thyroid 0.25 rad 


E. More Distant Fallout 

Nuclear detonations occurring on or near the ground result in 
relatively heavy nearby fallout. Conversely, there is some evidence 
that muclear detonations occurring from balloons suspended well 
above the ground may produce more fallout at greater distances than 
would surface bursts. It has also been shown that rain will bring 
down fallout present in the troposphere. Following several mclear 
detonations of devices suspended from balloons during Operation 
Plumbbob (Spring-Summer 1957), the trajectories were over the North 
Central States. There was precipitation in many of these areas during 


passage of these trajectories. 
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The trajectories as given by the accompanying maps were prepared 
by the Special Projects Section of the U. S. Weather Bureau under 
Dr. Lester Machta. These trajectories do not represent actual measure- 
ments of the activity in the air since the relatively rapid radio- 
logical decay and the dilution factor usually make it impossible to | 
trace the activity for more than a few hundred miles from the test site 


i 


by aircraft. Rather, the trajectories represent a series of computa- 


tions as to probable movements of air (together with any contained 2. 


activity). 


Table VII shows the relatively high strontium-90 in wheat collec- Ser t 
tions in Minnesota during 1957. Although the data are not extensive 
enough to be conclusive, it will be noted that there was a higher aver- | 4. 
age value of strontium-90 in wheat for 1957 (the time of Operation 
Plumbbob) than 1956 or 1958. Additional samples of wheat are being 
collected and analyzed. 

Better estimates are needed as to the relative methods whereby 
the wheat was contaminated, i.e. by surface contamination or by soil 
uptake. Tropospheric fallout probably contributes heavily to surface 
contamination, and since it has a half-time of residence of about one 
month, this effect should now have essentially ceased from all past 
tests. A factor in the opposite direction is the increase of 
strontium-90 in the soils - and tms plant uptake - since strontiun-% 
is contimally dropping from the stratosphere. It is hoped that the 
1959 samples of wheat will shed further light on this factor. 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 2035 
a. 
TABLE I. 


Estimated Radiation Doses oentgens 


Pre-Plumbbob Plumbbob Hardtack II Cumulative 


Location Population 
ARIZONA 

Beaver Dam 5 2.00 0.30 -b- 2.30 
Big Bend Ranch 5 (2.00) °° 0.19 - 2.19 
Bullhead 500 - 0.02 - 0.02 
Catherine Ranger 

Station d. . - - - 
Chloride 160 - 0.02 - 0.02 
Davis Dam 15 - ~ - a 
Grasshopper Junction 2 - 0.03 -~ 0.03 
Hackberry 100 - 0.01 - 0.01 
Hughes Ranch Transient (2.00) 0.30 - 2.30 
Kingman 5,500 0.03 0.01 - 0.04 
Lake Mohave 2 - 0.02 - 0.02 
Littlefield 44 1.60 0.32 - 1.92 
Mount Trumbull 100 0.16 - - 0.16 
Oatman 40 = - - a 
Peach Spring 600 - - - = 
Short Creek 90 1,60 - - 1.60 
Topock 80 - ° * ~ 
Truxton 26 - - ~ - 
Valentine 50 - 0.01 - 0.01 
Walapai 15 - - - « 
Warm Springs d. - - - * 
Willow Beach 5 - - - - 
Wolf Hole 5 1.30 - - 1.30 
Yucca 150 ~ = - . 


4. Prepared by a Committee composed of the following members: 
A. Vay Shelton, Chairman, Lawrence Radiation Laboratory, University of California. 
Roscoe H. Goeke, Albuquerque Operations Office, U. S. Atomic Energy Commission 
(On loan from the U. S, Public Health Service) 
William R. Kennedy, Los Alamos Scientific Laboratory 
Kermit H, Larson, University of California, Los Angeles 
Kenneth M, Nagler, U. S. Weather Bureau 
Oliver R. Placak, Las Vegas Branch Office, U. S. Atomic Energy Commission 
(Officer-in-charge U. S. Public Health Service) 


A dash implies no fallout or fallout not readily distinguishable from background 
radiation, 


¢. Parentheses indicate that the community was not included in the October, 1956, list 
of Pre-Plumbbob doses. 


d, Population figures not available. 
NOTE: Footnotes concerning populations of communities are at end of this table. 


b, 





2036 FALLOUT FROM NUCLEAR WEAPONS TESTS 


Location 

Amboy 

Baker 

Barstow 

Benton Station 
Big Pine 
Bishop 

Boron 

Camp Irwin 
Cantil 

Cartago 

Chal fant 

China Lake 
Crest View 
Daggett 

Death Valley Junction 
Deep Springs 


Emigrant Springs 
Ranger Station 


Essex 

Four Corners 
Furnace Creek 
Hinkley 
Independence 
Inyokern 
Johannesburg 
Kalso 

Laws 

Lenwood 
Littlelake 


Lone Pine 


CALIFORNIA 
Estimated Radiation Doses (Roentgens) 
Pre-Plumbbob Plumbbob Hardtack 


Population 


Variable 
100 
126 


25 


Cumulative 





FALLOUT FROM NUCLEAR WEAPONS TESTS 2037 


CALIFORNIA 
Estimated Radiation Doses (Roentgens) 
Pre-Plumbbob Plumbbob Hardtack Cumulative 
Location Population 
Ludlow 250 
Manix 10 
Mojave 
Mountain 
Needles 
Newberry 
Oasis 
Olancha 
Randsburg 
Red Mountain 
Ridgecrest 
Ryan Mine 
Shoshone 
Silver Lake 10 
South Haiwee 25 
Stovepipe Wells 2 
Tecopa 25 
Tom's Place Variable 
Troma 3,500 
Wheaton Springs d. 
Yermo 700 


2ZYZX Springs 40 





2038 FALLOUT FROM NUCLEAR WEAPONS TESTS 


NEVADA 


Estimated Radiation Doses (Roentgens) 


Pre-Plumbbob Plumbbob Hardtack 
Location Population 
ASB Mine 4-12 
Acoma 10 
Adam's Ranch d. 
Alamo 
Apex 
Ash Meadows 
Ash Springs 
Atlanta 
Austin 
Babbitt 
Baker 
Barclay 
Bardoli Ranch 
Basalt 
Beatty 
Belew Ranch 
Belmont 
Blue Diamond 
Blue Eagle School ll 
Bonansa Boy Scout Camp variable’ 
Bond Ranch d. 
Boulder City 4,000 
Boyd Variable =’ 
Bristol Silver Mine 25 - 50 
Buckhorn Ranch (US 93) 12 
Buskerville 


Butler Ranch 


Cumu lative 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


NEVADA 


Estimated Radiation Doses oentgens 


Pre-Plumbbob Plumbbob Hardtack 


Location _Population 
Cactus Springs 18 
Caliente 

Carp 

Caselton Mine 

Charleston Lodge 

Cherry Creek 

Clark's Station O- 5 
Cloud Variable=’ 
Coaldale 25 
Cole & Dolan Ranch 3 
Corn Creek ll 
Cove 20 
Crestlire 22 
Crystal 5! 
Currant 75 
Delmue 7 


Desert Rock Variable?! 


Dodge Construction Camp 1752! 
Donahue Ranch 4 
Dry Lake 20 
Duckwater 

D-X Ranch 

Dyer 

East Ely 


El Dorado 


Eldridge Ranch 
(N. of Eureka) 


Eldridge Ranch 
(Mt. Wheeler Inn) 


Elgin 


Ely 


Cumulative 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


Location 

Etna 

Eureka 

Fallini Ranch 
Fallon 

Fish Creek Ranch 
Gabbs 

Galt 

Garnet 


Geyser Maintenance 
Station 


Geyser Ranch 
Glendale 
Goldfield 
Goldpoint 
Goodsprings 
Groom Mine 


Gubler Ranch 
Hawthorne 
Henderson 

Hiko 

Hollinger's Ranch 
Hoover Dam 

Hoya 

Indian Creek Ranch 
Indian Springs 
Ione 

Johnnie 

Kimber ly 


Kyle 


NEVADA 
Estimated Radiation Doses 
Pre-Plumbbob 


oentgens 
Plumbbob Hardtack 


Population 


Variable” (0.80) 


500 0.20 


15 0.80 


d. 
625 
5/ 


Variable= 


Variable>’ 


10 
5 


75 


d, 


Ver iable=’ 


d. 

u/ 
40 
5 
120 


5/ 


Variable 


Cumulative 





FALLOUT FROM NUCLEAR WEAPONS TESTS 2041 


NEVADA 
stimated Radiation Doses oentgens 

tive 
— Pre-Plumbbob Piumbbob Hardtack Cumulative 

Location Population 
82 

Laboard Ranch x (0.06) 0.39 - 0.45 
85 

Lake Mead Base 5 0.05 0.04 - 0.09 
98 

Lane City 40 (0.55) 0.38 0.05 0.98 
14 

Las Vegas 47,000 0.20 0.01 > 0.21 
15 

Lathrop Wells 9-15 0.05 0.03 0.08 0.16 
). 38 12/ 

Lehman Caves Variable (0.95) 0,25 - 1.20 
).90 5/ 

Leith Variable= (3.00) 0.32 - 3.32 
1.90 

Lida 25 (0,50) 0.32 0.05 0.87 
42 Lida Junction 3 (0.40) 0.78 0.10 1.28 
1.55 Lincoln Mine 100-500 4,00 1,90 0.05 5.95 
85 Lockes + 1.30 0.31 - 1,61 
1.20 Logandale 300 0.40 0.16 - 0.56 
1.30 Lund 250 0.80 0.44 0.05 1,29 
. Luning 50 - 0.44 0.05 0.49 
4.90 MSM Mine 2 (0.50) 2.90 ~ 3.40 
1.39 Manhattan 42 (0.08) 0.26 0.05 0.39 
0.28 McGill 2,297 0.40 0.32 0.05 0.77 
0,02 Mercury 300-3, 500 0.10 0.02 0.10 0.22 
1,08 Mesquite 590 1.80 0.24 0.05 2.09 
0.37 Millett 5 (0.04) 0.40 - 0.44 
0.05 Mina 450 - 0.50 0.08 0.58 
5.90 Moapa 52 0.80 0.10 0.05 0.95 
. Moapa Indian R tion 100- 
0-8 ee (0.80) 0.17 ‘ 0.97 
0.15 

Moon River Ranch 3 (1.48) 0.52 0.08 2.08 
0.24 

Mounts Ranch d. (0.85) (0,24) - 1,09 
- Nellis Air Force Base 8,000 0.05 - - 0.05 
0.92 

Nelson 100 - ~ - - 
3.46 

Nivloc 250 - 0.35 0.08 0.43 

North Las Vegas 13,000 0.20 - ~ 0.20 


42165 O—59—vol. 36 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


NEVADA 
Estimated Radiation Doses (Roentgens) 
Pre-Plumbbob Plumbbob Hardtack Cumu lative 
Location Population 
Nyala 6 
Overton 
Pahrump 
Pahrump Mining Co. 
Panaca 
Parmon's Ranch 
Pioche 
Pittman 
Pony Springs 
Pop's Oasis 
Potts 
Preston 


Rattlesnake Maintenance 
Station 4 


Reed o/ 


u/ 
Reveille Mill 6 


Riverside oP! 
Rhyolite 7 
Rogers Ranch 10 
Rose Valley 10 
Round Mountain 200 
Rox Variable~! 
Ruby Hill Mine 50 
Ruth 

Sarcobatus 

Schurz 

Searchlight 


Searls Ranch 


Seven L. Ranch 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


NEVADA 
Estimated Radiation Doses (Roentgens) 
Pre-Plumbbob Plumbbob_-_ Hardtack Cumulative 
Location Population 
Sharps (Adaven) 25 
Shoshone 
Silver Peak 
South Paw Mine 
Springdale 
State Line 90 
Steward, R. Ranch 6 


5/ 


Stine Variable= 


Stone Cabin Ranch 8 
Sunnyside 

Swallow Ranch 

Tonopah 

Tonopah Airport 

Uhaldi Ranch 

Urretias Ranch 


Ursine 


Vigo Var iable~/ 


Walch Pine Creek Ranch 4 = 6 
Warm Springs 55 

6/ 
Warm Springs Ranch 5s- 
Water town 


Whipple Ranch 


Whitney 





Location 
Adamsville 


Alton 


Anderson Junction 


Bear Valley Junction 


Beaver 

Beryl 

Beryl Junction 
Black Rock 
Bryce Canyon 
Cedar City 
Central 


Cove Fort 


FALLOUT FROM NUCLEAR WEAPONS TESTS 


UTAH 
Estimated Radiation Doses oentgens 
Pre-Plumbbob Plumbbob Hardtack 


Population 
98 


15 

8 

9 
Variable 18/ 

6,106 

49 


8 


Desert Range Experimental 


Station 


Duck Creek Forest Camp 


Enoch 
Enterprise 
Garrison 
Glendale 
Greenville 
Gunlock 
Hamilton Fort 
Hamlin Valley 
Hatch 
Hilldale 
Hurricane 
Kanab 
Kanarrville 
Kanosh 

La Verkin 


Leeds 


26 


Variable 


24 


10 


Cumulative 





FALLOUT FROM NUCLEAR WEAPONS TESTS 2045 


UTAH 
Estimated Radiation Doses ntgens 
sive Pre-Plumbbob Plumbbob Hardtack Cumulative 
Location Population 

23 Long Valley Junction 10 0.80 0.07 - 0.87 
).83 Lund 75 0.50 - - 0.50 
1.88 Mander field 62 (0.20) 0.03 - 0.23 
0.95 Milford 1,673 0.10 - - 0.10 
0.25 Minersville 593 0.20 - - 0.20 
0.53 Modena 100 0.50 0.04 - 0.54 
1.05 Mount Carmel 125 0.85 0.09 - 0.94 
0.05 Mount Carmel Junction 10 (0.80) 0.05 - 0.85 
0.56 New Castle 115 0.60 0.05 - 0.65 
0.64 New Harmony 126 1,20 0.68 - 1.88 
1,91 Orderville 371 1.50 0.10 - 1.60 
0.07 Paiute Indian 

Reservation 95 (0.30) - - 0.30 
0.10 Panguitch 1,500 0.20 0.50 - 0.70 
1,07 Paragonah 404 0.40 0.02 + 0.42 
0.54 Parowan 1,455 0.40 0.02 * 0.42 
0.79 Pintura 50 1.20 1.00 - 2.20 
0.88 Rockville 125 3.00 0.10 - 3.10 
0.24 Saint George 5,000 3.00 0.70 - 3.70 
0.24 Santa Clara 319 3.50 0.77 - 4.27 
3.12 Shivwits 95 2.80 0.80 : 3.60 
0.80 Springdale 209 2.60 0.09 . 2.69 
0.51 Summit 146 (0.50) 0.02 “ 0.52 
0.64 Toquerville 219 2.00 0.33 - 2.33 
0.44 Wada 15 (0.70) - - 0.70 
4.35 Veyo 100 2.00 0.82 - 2.82 
1,62 Vic's Place 3 (1.20) 0.68 - 1.88 
1493 Vic's Service Station 2 (3.00) 0.90 - 3.90 
0.05 Virgin 147 1.50 0.12 - 1.62 
3,66 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


UTAH 
Estimated Radiation Doses oentgens 
Pre-Plumbbob Plumbbob Hardtack Cumulative 


Location Population 
Washington 435 3,00 


Zane 25 0.30 


8 
Zion Lodge Variable’ (1,00) 


Footnotes concerning populations of communities 


Lake Mohave - also some transients. 

Apex - about 50 day workers; generally only a watchman at night. 

Bardoli Ranch - population only 1 after Plumbbob. 

Bonanza Boy Scout Camp - variable population, summer months only. 

Railroad maintenance stations (Boyd, Cloud, Etna, Galt, Garnet, Hoya, Kyle, 
Leith, Rox, Stine, Viga)-population variable from 0 to about 15. 

Butler Ranch - Mrs. Butler was absent during the important fallout in Plumbbob, 
(from the Smoky burst) and Mr. Butler was evacuated for a few hours shortly 
after the fallout arrived, Personnel film badges indicated that Mrs. Butler 
received less than 2 Roentgens and that Mr. Butler received less than 5 Roentgens, 
Crystal - unpopulated after Plumbbob. 

Desert Rock - unpopulated except during major test series. 

Dodge Construction Camp - unpopulated except Plumbbob series. 

Groom Mine - population variable 2-10 prior to Plumbbob, intermittent during 
Plumbbob but only trivial doses indicated by personnel film badges during 
Plumbbob,. 

Inaian Springs - population variable, about 250 plus 2400 on military post during 
Plumbbob. 

Lehman Caves - tourists during summer season. 

Reed - population 3 during the Teapot series only, and these were 

evacuated for 7-10 days during the highest fallout activity. 

Revéille Mill - unpopulated prior to Plumbbob. 

Riverside - population 2-14 through Upshot-Knothole, 2 during Teapot and 

0 after Teapot. 

Warm Springs Ranch - up to 500 people on weekends during the summer. 

Watertown - population 0 prior to Plumbbob; about 300 during first month of 
Plumbbob, and 2 thereafter. 

Bryce Canyon and Zion Lodge - many tourists during summer. 
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. 
3.30 Comparison of Film Badge Readings 
Ratio Percentage of total 
oa Persons/Area Number of Badges 
1.16 
Film badge readings on persons 
not distinguishable above background 6. 
2G 6. 
6.2 - 0.4 13. 
" 0.4 - 0.6 26. 
- 0.6 - 0.8 33. 
0.8 - 1.0 6. 
£.0 - 1.2 13. 
ring 
1.2 - 1.4 6. 
1.4 - 1.6 ie 
1.6 - 1.8 a. 
1.8 - 2.0 Ll. 
> 2.0 5. 


Area film badge readings 
not distinguishable above background 3e 


* Tabulated by Dr. A. Vay Shelton, Chairman, Lawrence Radiation 
Laboratory, University of California 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


TABLE III 


Shielding Range of 
Ranking Factor Shielding Factors 


Heavy Construction 4.60 241 + Om 


Large Light Storage . 2687 2.45 
Type Buildings 


Light Construction 
Domicile Types 


Vehicles (Pickup Trucks) 


Trailer Type Domiciles 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 2051 


TABLE VI 
* 
Soils 
Location Stror.tium-90 
(millicuries per square mile) 

Tempiute, Nevada 42.3 
Cedar City, Utah 36.2 
Lund, Nevada 30.7 
Beaver, Utah 29.6 
Eureka, Nevada 25.6 
St. George, Utah 24.1 
Alamo, Nevada is3 
Bishop, California 14.9 
Caliente, Nevada 14.6 
Overton, Nevada 9.7 
Mesquite, Nevada 5.2 
Barstow, California 1.96 


Samples collected by Mr. Kermit Larson of UCLA, prepared for 
analyses by Dr. Lyle Alexander of the U. S. Department of 
Agriculture and analyzed by the Health and Safety Laboratory 
of the Atomic Energy Commission. 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 


CALIFORNIA FALLOUT DATA 


FALL _- 19 58 


TABLE OF CONTENTS 


REPORT OF THE DEPARTMENT AND LABORATORIES OF NUCLEAR MEDICINE 


AND RADIATION BIOLOGY - UCLA 
24 Hr. Air Sample and Gum Paper - June through November 1958. 


1 Hour "Grab" Air Samples . 
Decay of Routine 24 Hr Air Filter Sample. 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 2055 


REPORT OF THE 
DEPARTMENT AND LABORATORIES OF NUCLEAR MEDICINE 
AND RADIATION BIOLOGY 


UNIVERSITY OF CALIFORNIA AT LOS ANGELES 
24 HR. AIR SAMPLE a GUM PAPER 
June Beta Beta Beta 
1958 yc /M> upe/M yuc/ft2 
Date 4 Hr ct 4 Day ct Per 24 hr Exp. 
1 7.0 Je 58 
‘2 4.6 aca 65 
3 oie 2.4 78 
4 6.6 2.6 13 
5 3.6 1.9 23 
6 5.0 2.4 120 
7 6.3 Zu 36 
8 OP Pe 46 
9 4.8 1.0 29 
10 Si2 1.6 23 
ll 5.0 Rid 53 
12 Le 1.6 19 
13 Sic 1.9 46 
14 6.0 aie 1.8 
15 Sia 1.8 52 
16 362 2.0 40 
17 6.0 2.0 6.4 
18 “as Sea 16 
19 6.4 ao 36 
20 6.8 ava 17 
21 tee asm 32 
22 6.5 2.9 28 
23 8.6 nee 64 
24 6.5 Zc 17 
25 6.2 2.0 26 
26 5.2 2.4 35 
27 8.9 3.1 14 
28 6.5 aot 40 
29 von Jeb 69 
30 os aan 39 
NOTES: 


(1) No rain during month of June 1958. 

(2) Gamma Background readings for June at 3 ft. 
above ground averaged 0.009 mr/hr. with no 
reading higher than 0.013 mr/hr. 

(a) Air sample collected for 24 hours followed by a four hour 
then a four day lapse until counting time. 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 


24 HR. AIR SAMPLE GUM _ PAPER 


Beta Beta Beta 
pyc /M uuc/M> uuc/ ft? 
4 hr ct 4 Day ct Per 24 hr Exp. 
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NOTES: No rain during month of July, 1958. 


Gamma background readings for July at 3 ft. above ground averaged 
0.006 mr/hr with no reading higher than 0.010 mr/hr. 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 2057 


24 HR. AIR SAMPLE GUM PAPER 


Aug. Beta Beta 3 Beta 
1958 upc /M> puc/M puc/ ft? 
Date 4 hr ct 4 Day ct Per 24 hr Exp. 


50 
20 
77 
2.0 
37 
55 
> 
35 
50 
14 
5.9 
7.3 
220* 
200* 
14 
160* 
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NOTES : 


(1) *Trace rains on the 13th and 15th affected the gum papers 
removed for analysis on the 13th, 14th and 16th of this month. 


(2) There was no measurable volume of rain during August 1958. 


(3) Gamma Background readings for August 1958 at 3 ft. above the 


ground averaged 0.007 mr/hr. with no reading higher than 
0.012 mr/hr- 
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2058 FALLOUT FROM NUCLEAR WEAPONS TESTS 


24 HR. AIR SAMPLE GUM PAPER 


Beta Beta Beta 
puc/M> tse /M> puc/ ft? 
4 hr ct 4 Day ct Per 24 hr Exp. 


44.0 
17.0 
33 
67 
0. 
9. 
7. 
57. 
2. 
46. 
19. 
l. 
17. 
27. 
8. 
17. 
30. 
3. 
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8. 
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14. 
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140. 
18. 
24. 
19. 
39. 
24. 
39. 
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NOTES : 

(1) *Two slight rains on the 23rd of September affected the gu 
papers removed for analysis on the 23rd and 24th. Total 
volume collected for the morning rain was 1.2 ml which 
indicated 40.pyc/ml beta activity and 0.13 jyc/ml alpha 
activity. The afternoon rain volume collected was 2.0 al 
which jndicated 7.5 puc/ml beta activity and 0.01 pyc/ml 
alpha activity. Alpha counts on these samples were made 
after natural radon-thoron products had decayed. 


Gamma Background readings for September 1958 at 3 ft. above 
the ground averaged 0.007 mr/hr. with no reading higher 
than 0.013 mr/hr. 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 2059 


. AIR SAMP GUM PAPER 
Oct. Bete Beta ta 
1958 ue /M> ye /M yuc/ ft? 
Date 4 br ct 4 Day ct Per 24 hr Exp. 
1 5.3 1.7 47 
2 6.5 1.7 24 
3 6.6 2.9 16 
4 6.1 1.7 il 
5 6.4 3.5 33 
6 6.6 2.2 14 
7 6.4 237 22 
8 7.0 2.6 25 
9 5.7 2.0 1l 
10 5.4 2.4 19 
11 5.8 2.0 22 
12 4.0 1.2 11 
13 6.4 1.3 14 
14 8.8 2.2 31 
15 7.2 2.0 $3 
16 7.4 2:2 26 
17 7.8 2.3 100 
18 9.6 3.4 16 
19 8.0 2.5 14 
20 79 2.8 60 
21 17. 9.2 19 
22 40. 33. 22 
23 50. 37. 150 
24 44, 32. 1210* 
25 26. 18. 1770* 
26 17. 10. 110 
27 13. Se 86 
28 50. 19. 6660 
29 87. 35. 210 
Xd 700. 145: 3400 
163. 2 1 


(1) * Trace rains on 24th and 25th effected the gum papers removed 
for analysis on 24th and 25th of October, 1958.~ 

(2) There was no measureable volume of rain during Getober, 1958. 

(3) Gamma background readings for October, 1958 at 3. ft above the 
ground averaged 0.007 mr/hr. There was one significant increase 
recorded on Oct. 29, 1958 at 4:20 PM the background record 
started to increase ‘until 5:30 PM when a maximum reading of 
0.017 mr/hr was recorded. The background remained at this level 
elmost 2 hours and then dropped to an average of .013 mr/hr 
until 8:30 AM on Oct. 30, 1958. At 8:45 AM on Oct. 30 the level 
dropped to .008 mr/hr and during the remainder of that day and 
the following day the average background level was 0.007 ar/hr. 
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2060 FALLOUT FROM NUCLEAR WEAPONS TESTS 


24 HR. AIR SAMPLE GUM PAPER 


Beta Beta Beta 2 
upe/M> upe/M> puc/ft 
4 hr ct 4 Day ct Per 24 hr Exp. 


38 23 1100 
180 90 1500 
370 160 1000 
260 680 
190 410 
130 240 

72 140 

70 130 

140 

40 

5000* 

680 

60 
100 
210 
220 
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10 
23 
28 


NOTES: (1) *A rainout during the early hours of Nov. 11 affected the 
gum paper removed on the llth. Total volume of rain 
collected was 17 ml which indicated 19 ywuc/ml beta activity, 
and the alpha count was 0.09 puc/ml. The rainout was 
2.9 uuc/em* for beta and 0.014 puc/cm2 for the alpha 
activity. Alpha counts on this sample were made after 
natural radon-thoron products had decayed. 


Gamma background readings for the first half of November, 


1958 at 3 ft. above the ground averaged 0.007 mr/hr with 
no reading higher than 0.012 mr/hr. 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 


REPORT OF THE 
DEPARTMENT AND LABORATORIES OF NUCLEAR MEDICINE 


AND RADIATION BIOLOGY 
UNIVERSITY OF CALIFORNIA AT LOS ANGELES 


1 HOUR "GRAB" AIR SAMPLES TAKEN AT 15 CFM 
(B GROSS ACTIVITY IN uc/M3) 


Ini- 


DATE Hour Taken tial 
Off Act- 
1958 Sampler ivity (a) 
10-28 10:30A 530 267(4) 151(48) 44(360) 25(840) 
" 1:00P 300 126(45) 
" 2: 30P 300 20(44) 
" 3: 30P 267 18(44) 
e 4: 30P 360 44(46) 
10-29 9:30A 130 27(2) 14(52) 3.9(916) 
10-29 2:20P 160 23(48) 8.9(816) 
” 3: 20P 200 31(44) 
" 4: 40P 1300 
10-30 9:20A 2200 1200(4) 590(24) 210(96) 110(223) 81(288) 79(312) 31(816) 
10:35A 890 260(4) 130(24) 68(96) 10(816) 
” 11:35A 450 200(4) 130(24) 50(96) 18(816) 
" 12:45A 180 180(4) 84(24) 
® 1:45P 280 41(24) 
_ 3: LOP 180 61(24) 
- 4: LOP 290 72(24) 
10-31 9:35A 290 78(2) 48(8) 27(288) 
” 10: 38A 230 49(4) 
’ 11:38A 140 45(4) 
” 12: 38P 130 55(4) 
’ 1: 48P 96 39(2) 
" 2: 48P 180 47(2) 
, 3: 48P 250 78(2) 
ll-l 1: LOP 58(45) 
U-3 «10: 15A 670 410(4) 400(24) 230( 102) 
K: 11: 15A 750 437(4) 320(24) 
” 12: 30P 620 300(4) 240(24) 
” 1: 45P 890 230(24) 
F 2: 45P 630 210(24) 
™ 3: 45P 670 260(24) 
2 4: 50P 560 200( 24) 
i-4 10:15A 540 200(4) 160(24) 
- 11: 15A 700 250(4) 190(24) 
% 2: 15P 280 140(24) 
o 4: 30P 300 


7:30A 610 130(4) 

: 30A 410 97(4) 

: 30A 450 31(24) 

300 49(4) 32(28) 
230 
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) Numbers enclosed in parenthesis represent number of hrs of decay time 
after sample was removed until counting time. 


-7- 


2062 FALLOUT FROM NUCLEAR WEAPONS TESTS 


1 HOUR "GRAB" AIR SAMPLES TAKEN AT 15 CFM 
(8 GROSS ACTIVITY IN yyc/M?) 


Ini- 

DATE Hour Taken tial 

Off Act- 
1958 s ler ivit 
11-10 7:30A 53 13(6) ve 
11-12 7: 30A 160 14(24) 
11-13 10: 30A 220 15(2) 
11-14 9:25A 250 25(2) 
1l-17 9:30A 53 29(4) 8.9(24) 
11-18 10: 30A 120(4) 21(24) 
11-19 9:30A 210(4) 
11-20 12: 20P 27(4) 
11-21 10: 30A 150 
11-24 12:00 110 26(4) 
11-25 10: 00A 170 
11-26 11:30A 151 


Co 


(a) Numbers enclosed in parenthesis represent number of hrs of decay time 
after sample was removed until counting time. 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 


REPORT OF THE 
DEPARTMENT AND LABORATORIES OF NUCLEAR MEDICINE 
AND RADIATION BIOLOGY 
UNIVERSITY OF CALIFORNIA AT LOS ANGELES 


DECAY OF ROUTINE 24 HR AIR FILTER SAMPLE REMOVED 


ON 10-30-58 


Count Time After Collection Activity upc /M> 


hour 710 
hour 700 
day 400 
day 145 
day 130 
day 58 
day 52 
day 43 
day 36 
day 31 
day 24 





2064 FALLOUT FROM NUCLEAR WEAPONS TESTS 


REPORT OF THE 15 
DEPARTMENT AND LABORATORISG OF MUCLEAR MEDICINE AND Da 
RADIATION BIOLOGY - UCLA 10 
GAMMA BACKGROUND RECORD ON ESTERLINE ANGUS CHART 
POR OCTOBER 1 - NOVEMBER 30, 1958 11 
1958 Average Rdg. 
Date Ti cts/min ll 
10-1 300 0. 
10-2 250 0. 
10-3 200 0. ll 
10-4 250 0. 
10-5 250 0. il 
10-6 250 0. il 
10-7 250 0. . 
10-8 250 0. . 
10-9 250 0. oe 
10-10 250 0. 11 
10-11 250 0. : 
10-12 300 0. 1 
10-13 250 0. it. 
10-14 200 0. iL. 
10-15 250 0. iL. 
10-16 250 0. ll. 
10-17 250 0. 11. 
10-18 250 0. iL 
10-19 300-350 0.008-0.010 
10-20 300 0.008 
10-21 300 0.008 
10-22 250-300 0.007-0.008 
10-23 250 0.007 ll 
19-24 250 0.007 
10-25 300 0.008 
10-26 250-350 0.007-0.010 
10-27 250 0.007 
10-28 250-300 0.007-0.008 
10-29 Midnite :00A 300 0.008 ll 
:00A - 4:20P 250 0.007 
:20P - 5:00P 350 0.010 
:00OP - 5:20P 400 0.012 il- 
:20P - 7:10P 600 0.017 . 
: LOP : 40P 500 0.014 il 
:4OP - 9:00P 450 0.013 : 
:00P -11:30P 400 0.012 
:30P - Midnite 350 0.010 : 
Midnite - 5:30A 350 0.010 tle 
:30A - 8:20A 450 0.013 te: 
:20A - 8:35A 550 0.016 
:35A - 8:45A 400 0.012 a 
:45A -10:15A 350 0.010 “pe 
:15A - 1:00P 300 0.008 
:00P - 3:45P 250 0.007 
:45P - 6:00P 250 0.007 
:00P - Midnite 300 0.008 





FALLOUT FROM NUCLEAR WEAPONS TESTS 2065 


1958 Average Rdg. Equiv. 
Date Time cts/min ar/hr 
10-31 Midnite - 8:00A 300 0.008 
8:00A - 6:00P 250 0.007 
6:00P - Midnite 300 0.008 
ll-1 Midnite - 1:00P 300 0.008 
1:00P - 7:00P 250 0.007 
7:00P - Midnite 300 0.008 
11-2 Midnite -10:00A 300 0.008 
10:00A - 8:00P 250 0.007 
8:00P - Midnite 300 0.008 
11-3 Midnite - 7:30A 300 0.008 
‘ 7:30A - Midnite 250 0.007 
11-4 Midnite - Midnite 250 0.007 
11-5 250 0.007 
11-6 250 0.007 
ll-7 250 0.007 
11-8 250 0.007 
11-9 250 0.007 
11-10 250 0.007 
ll-11 250 0.007 
11-12 250 0.007 
11-13 250 0.007 
11-14 250 0.007 
11-15 250 0.007 
11-16 250 0.007 
ll-17 250 0.007 
ll-18 Midnite - 2:00A 250 0.007 
2:00A - 5:00P 300 0.008 
5:00P - 5:30P 450 0.013 
5:30P -10:00P 350 0.010 
10:00P - Midnite 400 0.012 
ll-19 Midnite - 1:30A 350 0.010 
1:30A - 2:50A 250 0.007 
2:50A - 4:20A 350 0.010 
4:20A - 5:00A 250 0.007 
5:00A - 9:00A 300 0.008 
9:00A - Midnite 350 0.010 
ll-20 Midnite - 1:30A 400 0.012 
1:30A - 2:30A 300 0.008 
2:30A - Midnite 250 0.007 
ll-21 250 0.007 
ll-22 250-300 0.007-0.008 
ll-23 250 0.007 
ll-24 Midnite - 8:45a 250 0.007 
8:45A - Midnite 350 0.010 
ll-25 Midnite - 9:00P 350 0.010 
9:00P - Midnite 250 0.007 
11-26 250 0.007 
ll-27 28, 29, 30 (each) 250 0.007 


Ie average y Background level for Oct. and Nov. has remained essentially 
te same 0.007 mr/hr irrespective of the high peaks. 
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2066 FALLOUT FROM NUCLEAR WEAPONS TESTS 


REPORT OF 
LOS LES CITY TH DEPARTMENT 
RADIOACTIVE CONCENTRATIONS IN AIR 


Date Filter Removed a Activity Average 
From Pump ppc /M (1) Per Month 


June 
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1 
7 
8 
8 
6 
3 
1 
8 
0 
6 
0 
5 
3 
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1 
3 
0 
-0 
8 
7 
2 
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9 
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(1) Recorded activity taken on basis of 24 hour decay, after removal 
from pump. 


-l12< 





i 


A 


(l) R 


FALLOUT FROM NUCLEAR WEAPONS TESTS 2067 
IOACTI CO! 1 IN AIR 
Date Filter Removed Beta-Gemma Activity Average 


From Pump 1 Per Month 
July 1 ee 
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3. 
6. 
7. 
6. 
4 
7 
9 
8. 
9. 
8. 
4. 
8 
3 
7 
6. 
2. 
2. 
3. 
3. 
7. 
5 
8. 
4 
4 
5. 


6.2 
(1) Recorded activity taken on basis of 24 hour decay, after removal 


from pump. 
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2068 FALLOUT FROM NUCLEAR WEAPONS TESTS 
RADIOACTIVE CONCENTRAT IN AIR 
Date Filter Removed Beta-Gamma Activity Average 


From Pump Per Month 
Sept. 
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3. 
6. 
2. 
0. 
6. 
7. 
9. 
8 

5. 
8. 
3. 
5. 


7 
8 
5 
3 
6 
9 
6 
6 
8 
7 
4 
5 
-l 
3 
-4 
4 
-7 
3 
-3 
-0 
3 
-4 


(1) Recorded activity taken on basis of 24 hour decay, after 
removal from pump. 


<i4< 





FALLOUT FROM NUCLEAR WEAPONS TESTS 2069 


RADIOACTIVE I IN AIR 
Date Filter Removed Beta-Gamma Activity Average 
From Pump upc /M> (1) Per Month 

Oct. 25 59.8 

26 33.2 

27 25.4 

28 214 

29 320 

30 920 

31 363 80.7 
Nov. 1 83.5 

3 170 

4 683 

5 689 

6 471 

7 457 

8 191.5 

8 131.1 

9 88.2 

10 80.2 

ll 28.6 

12 47.9 

13 50.0 

14 32.2 

15 23.1 

16 14.3 

17 7.0 

18 31.7 

19 46.0 

20 66.4 

21 63.7 

22 41.6 

23 58.5 

24 36.7 

25 18.3 

26 16.0 

28 23.2 

29 52.5 


132.2 


(1) Recorded activity taken on basis of 24 hour decay, after removal 
from pump. 
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2070 


Date Assayed 


10/22/58 
10/22/58 
10/23/58 
10/24/58 
10/25/58 
10/26/58 
10/27/58 
10/29/58 
10/31/58 
11/03/58 


10/22/58 
10/23/58 
10/23/58 
10/24/58 
10/25/58 
10/26/58 
10/27/58 
10/29/58 


10/23/58 
10/23/58 
10/24/58 
10/25/58 
10/26/58 
10/27/58 
10/29/58 
11/03/58 


10/23/58 
10/24/58 
10/24/58 
10/25/58 
10/26/58 
10/27/58 
10/29/58 


10/24/58 
10/24/58 
10/25/58 
10/26/58 
10/27/58 
10/29/58 
11/03/58 


FALLOUT FROM NUCLEAR WEAPONS TESTS 


LOS ANGELES CITY HEALTH DEPARTMENT 
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REPORT OF THE 


DECAY RATES FOR AIR SAMPLES 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 2071 


DECAY RATES FOR AIR SAMPLES 


Date Assayed Time Assayed Hours Decay py [m3 
10/25/58 10:15 a.m. 0 ‘ 

10/26/58 11:20 a.m. 25 
10/27/58 8:15 a.m. 46 
10/28/58 8:30 a.m. 70 
10/29/58 11:30 a.m. 97 
10/30/58 16:10 a.m. 120 
11/03/58 p-m. 221 
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10/26/58 : a.m. 0 
10/27/58 : a.m. 22 
10/28/58 : a.m. 47 
10/29/58 : p.m. 70 
10/30/58 : a.m. 96 
11/03/58 : p.m. 


re 
E gBeBss sesess 


10/27/58 740 a.m. 
10/28/58 $ a.m. 
10/29/58 :00 p.m. 
10/30/58 :05 p.m. 
11/03/58 :50 a.m. 
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oowuw 
no 
wn 


10/28/58 : a.m. 
10/28/58 : a.m. 
10/28/58 :30 p.m. 
10/28/58 :10 p.m. 
10/29/58 a.m. 
10/29/58 2:15 p.m. 
1¢/30/58 p.m. 
10/31/58 a.m. 
10/31/58 p-m. 
11/01/58 a.m. 
11/02/58 a.m. 
11/03/58 a.m. 
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10/29/58 
10/29/58 
10/29/58 
10/29/58 
10/29/58 
10/29/58 
10/29/58 
10/30/58 
10/30/58 
10/30/58 
10/30/58 
10/30/58 
10/31/58 
10/31/58 
11/01/58 


a.m. 
a.m. 


p-m. 
p-m. 
p-m. 
p.m. 
p-m. 
a.m. 
p.m. 
p.m. 
p-m. 
p-m. 
a.m. 
p.m. 
a.m. 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 


DECAY RATES FOR AIR SAMPLES 


Date Assayed Time Assayed Hours Decay upc /M> 


11/02/58 
11/03/58 
11/04/58 
11/05/58 
11/06/58 


10/30/58 
10/30/58 
10/30/58 
10/30/58 
10/30/58 
10/30/58 
10/30/58 
10/30/58 
10/31/58 
10/31/58 
10/31/58 
11/01/58 
11/02/58 
11/03/58 
11/04/58 
11/05/58 
11/06/58 
11/07/58 


10/31/58 
10/31/58 
10/31/58 
10/51/58 
11/01/58 
11/02/58 
11/03/58 
11/04/58 
11/05/58 
11/06/58 
11/07/58 


11/01/58 
11/02/58 
11/03/58 
11/04/58 
11/05/58 
11/06/58 
11/07/58 
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188. 
163. 
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11/02/58 
11/03/58 
11/04/58 
11/05/58 
11/06/58 
11/07/58 









11/03/58 
11/03/58 
11/03/58 
11/03/58 
11/04/58 
11/05/58 
11/06/58 
11/07/58 









11/04/58 
11/04/58 
11/04/58 
11/05/58 
11/06/58 
11/07/58 








11/05/58 
11/05/58 
11/05/58 
11/05/58 
11/05/58 
11/05/58 
11/05/58 
11/06/58 
11/07/58 











11/06/58 
11/06/58 
11/06/58 
11/07/58 
11/08/58 
11/09/58 
11/10/58 
11/12/58 
11/13/58 
11/17/58 









11/07/58 
11/07/58 
11/08/58 
11/09/58 
11/10/58 





FALLOUT FROM 


Date Assayed 
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DECAY RATES FOR AIR SAMPLES 


me_Assayed Hours Decay uc /M> 
a.m. 307.0 
a.m. 170.0 
a.m, 143.5 
a.m. 127.5 
a.m. 113.0 
a.m. 98.0 


® e ®@ U0 ® & 
BBB BBB 


ecevdsrvwvd ® ® ® 


cmp we ® eB BU & B® 
3588888588 B 


oe ev ® 
BB BBB 


NUCLEAR WEAPONS TESTS 


1000. 


eowmenevuvd ® ® 
93888885 





847. 
807. 
795. 
683. 
572 
493. 
429. 


oooooeOoSoO 








850. 
790. 
754. 
689. 
555. 
489. 


ooooco 





700. 
550. 
555. 
538. 
545 
549. 
543. 
471. 
382. 


coooocooCo°o 





457. 
358. 
344. 
299. 
257. 
233. 
220. 
185. 
176. 
130. 


@monocooc”ccoo 






289. 
206. 
191. 
168. 
160. 


wuoo 





2074 FALLOUT FROM NUCLEAR WEAPONS TESTS 


DECAY RATES FOR AIR SAMPLES 


Date Assayed Time Assayed Hours Decay pyc /Me 
11/11/58 11:30 a.m. 100 145.5 


11/12/58 :05 123 
11/13/58 :45 148 
11/17/58 246 


0 ® ® 
SPs 


11/08/58 
11/09/58 
11/10/58 
11/11/58 
11/12/58 
11/13/58 


0 
24 
45. 
73 
96 


&® & ® ® & & 
BBB BBB 


11/09/58 
11/10/58 
11/11/58 
11/12/58 
11/13/58 
11/14/58 


> > D  w & 
BBBBEBS 


11/10/58 
11/11/58 
11/12/58 
11/13/58 
11/14/58 
11/17/58 


ow ® ® W w 
BBB BBS 


11/11/58 
11/12/58 
11/13/58 
11/14/58 
11/17/58 


&o m® ® ® & 
BBB BS 





Date 
3/14-15/58 
3/15-17/58 
3/20-21/58 
3/21-22/58 
3/27/58 
3/27/58 
3/29-31/58 
3/31-4/1/58 
4/1/58 
4/1-2/58 
4/2-3/58 
4/3-4/58 
4/5-7/58 
8/15/58 
8/15/58 
9/23-24/58 


10/24-25/58 


FALLOUT FROM 


NUCLEAR WEAPONS TESTS 


REPORT OF 


LOS ANGELES CITY HEALTH DEPARTMENT 


RAIN 


Hours of Rainfall 


7:45 a.m. to 2:15° p.m. 


2:15 p.m. 
8:00 a.m. 


7:00 a.m. 


8:00 a.m. 
9:00 a.m. 


$:30 a.m. 


8:00 a.m. 


8:00 a.m. 
10:00 a.m. 
8:00 a.m. 
8:00 a.m. 
10:30 a.m. 
8:00 a.m. 
10:30 a.m. 
4:30 p.m. 
4:00 p.m. 
26 
46 
93 
116 


284 


to 


to 


to 


to 


to 


to 


to 


to 


to 


to 


to 


to 


to 


to 


to 


to 


8:05 a.m. 
7:00 a.m. 
1:00 p.m. 
9:00 a.m. 
12:00 noon 
8:00 a.m. 
8:00 a.m. 
10:00 a.m. 
8:00 a.m. 
8:00 a.m. 
7:30 a.m. 
8:00 a.m. 
10:30 a.m. 
3:00 p.m. 
7:00 a.m. 


9:30 a.m. 


hours decay 


(1) Based on 500 ml sample 
* Based on 170 ml sample 


aia 


116. 


214. 


854. 


1415. 


1775. 


864. 


345. 


258. 


334. 


330. 


342. 


1575. 


1655. 
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1505. * 


5490. 
5020 
4730 
3860 
3420 


2330 





2076 FALLOUT FROM NUCLEAR WEAPONS TESTS 


REPORT OF 
LOS ANGELES DEPARTMENT OF WATER AND POWER 


RADIOACTIVITY IN AIR 


Using California Disaster Office Filters 


24 hour sampling Date - time of Activity, gross beta-gamma, as 
ending at measurement micro-microcuries per cu. meter 


10-14-58, 1:00 p.m. 141300 
10-15-58, 1:00 p.m. 151300 
10-16-58, 1:00 p.m. 161300 
" 171300 
10-17-58, 1: nm. 171345 
" 201500 
10-18-58, 1: m. 201400 
10-19-58, 1: m. 201300 
10-20-58, 1: .m. 201345 
" 211300 
10-21-58, 1: .m, 211345 
" 221300 

231320 

240955 

221345 

231300 

240940 

271245 

231345 

240930 

271235 

281440 

291430 

241345 

271225 

281430 

291400 

301230 

311335 

271200 

281315 

291200 

301205 

311430 

271300 

281400 

291030 

301135 

311350 

271345 

281300 

291310 

301115 

311315 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 


24 hour sampling Date - time of Activity, gross beta-gamma, as 
ending at measurement micro-microcuries per cu. meter 


10-28-58, 1:00 p.m. 281345 
6 291300 
301105 
311305 
011230 
021245 
031350 
041405 
291345 
301245 
311230 
011210 
021210 
031325 
041350 
051405 
301300 
311255 
011200 
021200 
031320 
041335 
051340 
061422 
311345 
011300 
021330 
031310 
041322 
051335 
061412 
011345 
021300 
031230 
041308 
051320 
061400 
071405 
021345 
031300 
041304 
051310 
061335 
071337 
081415 


~s~wvrowwornvuUr COON 


NOY WYN OP WWOYU DY 


Oona Ow @ 





2078 FALLOUT FROM NUCLEAR WEAPONS TESTS 


24 hour sampling Date - time of Activity, gross beta-gamma, as 
ending at measurement micro-microcuries per cu. meter 


11-3-58, 1:00 p.m. 031345 262 
041300 211 

051305 177 

061320 164 

071335 135 

101410 108 

041345 180 

051300 143 

051310 123 

071325 108 

101405 76. 

051345 

061300 

071305 

101355 

11-6-58, 1:00 p.m. 061345 
" 071300 

" 101335 
11-7-58, 1:00 p.m. 071345 
" 101325 
11-8-58, 1:00 p.m. 101310 
" 121340 
11-9-58, 1:00 p.m. 101300 
" 121325 

" 131420 
11-10-58, 1:00 p.m. 101345 
" 121300 

" 131405 
11-11-58, 1: m. 121230 
11-12-58, 1: m, 131300 
11-13-58, 1: .m. 171510 
11-14-58, 1: .m. 171425 
11-15-58, 1: nm. 171405 
11-16-58, 1: .m. 177300 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 


REPORT OF 
LOS ANGELES DEPARTMENT OF WATER AND POWER 


RADIOACTIVITY IN AIR 


Sampled With Millipore Type AA Filter 


24 Hour Sampling Date-Time of Activity, gross beta-gamma, 
Ending At Measurement as micro-microcuries per cu. meter 


10-14-58, 8:30 a.m. 140915 20. 
" 150730 4 
10-15-58, 8:30 a.m. 150915 3 
10-16-58, 8:30 a.m. 160830 26. 
" 160915 16. 

" 170840 4, 
10-17-58, 8:30 a.m. 170830 30. 
" 170915 18. 
10-18-58, 8:30 a.m. 200840 
10-19-58, 8:30 a.m. 200840 
" 210730 
10-20-58, 8:30 a.m. 200830 
" 200915 

" 210840 
10-21-58, 8: m. 210830 
210915 

220835 

230840 

240815 

270815 

220830 

220915 

230730 

240730 

270800 

230830 

230915 

240925 

270745 

280815 

291105 

300855 

240830 

240915 

270730 

280810 

290900 

300845 

270930 

280740 

290805 

300730 

310840 

10-26-58, 8: m. 270925 
" 280750 

" 290750 
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2080 FALLOUT FROM NUCLEAR WEAPONS TESTS 


24 Hour Sampling Date-Time of Activity, gross beta-gamma, 
Ending at Measurement as micro-microcuries per cubic meter 


10-26-58, 8:30 a.m. 300750 12. 
10-27-58, 8:30 a. 270830 50. 
" 270915 36. 
280755 14, 
290840 9. 
300810 8. 
280830 81. 
280915 75. 
281115 55. 
281530 51. 
290820 36. 
300820 25. 
310735 22. 
010745 18. 
290830 132. 
290915 118. 
291100 101. 
300825 81. 
310725 70. 
010800 58. 
020850 47. 
030820 34. 
040805 39. 
050850 36. 
060820 34, 
300830 
300915 
301100 
301200 
301300 
301600 
310800 
010805 
020848 
030815 
040800 
050845 
060817 
310830 
310915 
010810 
020845 
030800 
040855 
050840 
060812 
010830 
010915 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 2081 


24 Hour Sampling Date-Time of Activity, gross beta-gamma, 
Ending at Measurement as micro-microcuries per cu. meter 


11-1-58, 8:30 a.m. 020840 33. 
= 030750 24, 
040845 26. 

050815 25. 

060805 23. 

070930 20. 

020830 158. 

020915 116. 

030745 84. 

040740 84. 

050810 70. 

060855 58. 

070900 52. 

030830 324 

030915 324. 

031300 287. 

031600 287. 

040820 260. 

050808 

060753 

070815 

100940 

040830 

040915 

041530 

050805 

060750 

070810 

100930 

050830 

050915 

051515 

060745 

070800 

100905 

060830 

060915 

070740 

100840 

121050 

070830 

070915 

080805 

101045 

11-8-58, 8:30 a.m. 100755 
= 121030 
11-9-58, 8:30 a.m. 100745 
si 121015 


11-10-58, 8:30 a.m. 100830 
” 100915 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 


24 Hour Sampling Date-Time of Activity, gross beta-gamma 
Ending at Measurement as micro-microcuries per cu. meter 


11-10-58, 8:30 a.m. 120950 23. 
= 130840 24. 
11-11-58, 8:30 a.m. 120930 9 
” 130755 8. 

S 171030 6. 
11-12-58, 9: 2. 120915 66. 
7 121000 50 
130745 33. 

171020 22. 

181015 21. 

130830 Tk 

130915 50. 

171010 17. 

181000 15. 

191045 9 

171000 21. 

180945 16 

191030 16. 

170940 

180930 

191000 

200955 

11-16-58, 8: -m. 170805 
- 180840 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 


REPORTED BY THE 
METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIA 


Average Beta Activity in Colorado River 


Water Influent - Softening Plant 


Average 
Activity 


(upc/liter) 


June 7.9 
July 

August 

September 

October 


November 





2084 FALLOUT FROM NUCLEAR WEAPONS TESTS 


Source and 


Sampling Point 


Garvey Reservoir 


West End 


Depth Sample 
near tower 


Effluent 
Surface Sample 
near tower 


Surface Sample 
inside tower 


Surface Sample 
west end 


Surface Sample 
near tower 


Surface Sample 
inside tower 


Surface Sample 
near tower 


Surface Sample 
inside tower 


Surface Sample 
inside tower 


Surface Sample 
near tower 


RTED BY THE 
METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIA 


TABLE I 
DATA ON GROSS BETA RADIOACTIVITY IN WATER 


Date 


Sampled _ 


10/24/58 


10/28/58 
9:10 am 


10/28/58 
9:00 am 


10/30/58 
6:45 pm 


10/31/58 
8:00 am 


10/31/58 
8:15 am 


10/31/58 
8:10 am 


11/3/58 
11/3/58 
7:45 am 
11/5/58 
11/5/58 
8:00 am 


11/7/58 
8:15 am 


11/13/58 
3:00 pm 


Date of 
Analysis 


11/1/58 


11/1/58 


11/1/58 


11/3/58 


11/5/58 


11/5/58 


11/10/58 


11/10/58 


11/10/58 


11/11/58 


11/11/58 


11/14/58 


11/18/58 


Gross Beta 


ppc/l. 





Su 


FALLOUT FROM NUCLEAR WEAPONS TESTS 2085 


Source and Date 


Sampling Point _Sampled_ 


Palos Verdes 
Reservoir 


Surface 10/24/58 
7:00 am 


Depth 10/26/58 
3:20 pm 


Surface 10/28/58 
3:20 pm 


10/31/58 
7:40 am 


11/2/58 
7:50 am 


11/4/58 
7:05 am 


11/6/58 
7:10 am 


11/8/58 
7:30 am 


11/10/58 
7:00 am 


11/12/58 
7:00 am 


Gross Beta 


puc/l. 


11/1/58 


11/1/58 


11/3/58 


11/4/58 


11/10/58 


11/11/58 


11/14/58 


11/14/58 


11/14/58 


11/18/58 





2086 FALLOUT FROM NUCLEAR WEAPONS TESTS 


Source and Gross Beta 


Sampling Point puc/l. 


Garvey Reservoir 


Surface Sample 11/13/58 11/18/58 
inside tower 3:00 pm 


Orange County 11/1/58 11/8/58 


Res. Outlet 7:30 am 


Corona Del Mar 11/1/58 11/8/58 
Res. Outlet 





3 


FALLOUT FROM 


Source and 


Samp ling Point 


Decay 


Measurements: 


Garvey Reservoir 
West End 


Palos Verdes 
Res. Surface 


Palos Verdes 
Res, Depth 
Sample 


Date 
Sampled 


10/28/58 


10/24/58 


10/26/58 


NUCLEAR WEAPONS TESTS 


TABLE 11 


o33< 


Date of 
Analysis 


11/1/58 
4:00 pm 
11/4/58 
9:00 am 
11/6/58 
10:30 am 
11/11/58 
2:00 pm 
11/19/58 
1:00 pm 
11/26/58 
12:30 pm 


11/1/58 
11/19/58 


11/25/58 


11/1/58 
11/4/58 
11/12/58 
11/19/58 
11/25/58 


2087 


Gross Beta 


ppc /1. 


410 
171 
150 
123 
98.8 


75.3 


56.4 


20.2 


79.8 
66.0 


38.8 


27.2 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


Source and 


Sampling Point 


Influent - 

F. E. Weymouth 

Softening and 

Filtration Plant 
La Verne 


TABLE III 


Date 
Sampled 


9/29/58 

9/30/58 
10/2/58 
10/29/58 
10/30/58 
10/31/58 
11/1/58 
11/3/58 
11/4/58 
11/5/58 
11/6/58 
11/7/58 
11/10/58 
11/11/58 


11/12/58 


Date of 
Analysis 


10/10/58 
10/10/58 
10/10/58 
11/1/58 
11/3/58 
11/3/58 
11/4/58 
11/8/58 
11/8/58 
11/12/58 
11/13/58 
11/13/58 
11/13/58 
11/14/58 


11/17/58 


Gross Beta 


puc/l. 


25.8+ 4.8 


26.4+ 4.8 
28. 
48. 
96. 
42. 
36. 
53. 
48. 
28. 
32. 
30. 
24, 
20. 


24. 


6 


7 


+ 





FALLOUT FROM NUCLEAR WEAPONS TESTS 2089 


TABLE IV 

Source and Date Date of Gross Beta 

Sampling Point Sampled Analysis ppc/l. 

Effluent - 10/28/58 11/1/58 36.9 + 6.2 

fF. E. Weymouth 

Softening and 10/29/58 11/3/58 22.8+ 5.1 

Filtration Plant 

La Verne 10/30/58 11/3/58 28.4+ 5.1 
10/31/58 11/4/58 22.2 + 5.0 
11/2/58 11/8/58 28.5+ 6.1 
11/3/58 11/8/58 43.3+ 6.3 
11/5/58 11/12/58 32.7+ 6.1 
11/6/58 11/13/58 29.4+ 6.0 
11/9/58 11/13/58 20.0+ 4.8 
11/10/58 11/14/58 18.1+ 4.3 
11/11/58 11/17/58 23.8+ 6.0 
= 35e 
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2090 FALLOUT FROM NUCLEAR WEAPONS TESTS 


Source and Date 


Sampling Point Sampled 


Decay 
Measurements: 


Influent - 

F. E. Weymouth 
Softening and 
Filtration Plant 


10/29/58 


Influent - 

F. E. Weymouth 
Softening and 
Filtration Plant 


10/30/58 


Effluent - 

F. E. Weymouth 
Softening and 
Filtration Plant 


10/28/58 


11/1/58 
9:00 am 
11/5/58 
10:00 am 
11/18/58 
2:00 pm 


11/3/58 
8:30 am 
11/4/58 
11:30 am 
11/12/58 
10:30 am 
11/20/58 
12:30 pm 
11/26/58 
2:30 pm 


11/1/58 
10:00 am 
11/5/58 
12:05 pm 
11/19/58 
8:15 am 
11/25/58 
2:30 pm 


Gross Beta 


pyc/1. 
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APPENDIX B 
“Hor Spor” PropLeEM AND STRONTIUM 90 IN Foops 


CONGRESS OF THE U NITED STATES, 
JOINT COMMITTEE ON ATOMIC ENERGY, 
May 18, 1959. 
Gen. A. R. LUEDECKE, 
General Manager, 
U.S. Atomic Energy Commission, 
Washington, D.C. 


DeaR GENERAL LUEDECKE: In connection with the recent public hearings by 
the Special Subcommittee on Radiation on fallout from nuclear weapons tests, 
I believe that there were two areas which were not sufficiently covered during 
the course of the hearings. These are the so-called local hot spot problem, and 
the problem of short-lived isotopes whose importance may be greater than once 
thought because of the faster rate of fallout from the stratosphere. 

It had been our understanding that the hot spot area problems would receive 
comprehensive treatment in the hearings. Thus, our outline specifically desig- 
nated it for discussion in the general review of developments since 1957 with 
the idea that it would be further discussed at appropriate points by AEC and 
other witnesses. It is true that the hot spot problem was touched upon at 
various points, but it was not dealt with in any thorough scientific manner. I 
am sure that much data was submitted bearing on the problem, but again it was 
not treated as a subject matter of specific concern. 

It would therefore be appreciated if the Commission would provide a state- 
ment describing and evaluating the hot spot problem. Such a statement might 
cover among other things: (@) why we have a hot spot problem; (b) the extent 
of the hot spot problem, i.e., the areas involved, and the radiation levels (both 
external and strontium) in these areas compared to averages for the United 
States and worldwide; (c) the implications of these hot spot areas from the 
standpoint of maximum permissible exposure levels, both as to testing to date, 
and possible future testing, using guidelines established by the seminar on 
implications of testing. 

The problem of short-lived isotopes also appears to require further identifica- 
tion and evaluation. Although the subcommittee’s outline did not identify the 
problem, its implications were noted in discussions on the more rapid rate of 
global fallout. Several papers were submitted on it. 

It would be appreciated if the Commission could supply the subcommittee 
with a supplementary statement on these two matters so that our fallout hear- 
ing record may be complete on these two subject areas. 

The Commission's cooperation in this matter is appreciated. 

Sincerely yours, 
CHET HOLIFIELD, 
Chairman, Special Subcommittee on Radiation. 


ATOMIC ENERGY COMMISSION, 
Washington, D.C., June 2, 1959. 
Hon. CHET HOLIFIELD, 
Chairman, Special Subcommittee on Radiation, Joint Committee on Atomic 
Energy, Congress of the United States. 

DEAR Mr. HOLIFIELD: In reply to the request contained in your letter of May 15, 
1959, we have prepared for inclusion in the record of the recent fallout hearings 
the enclosed supplementary statements on (1) the so-called hot spot problems and 
(2) (see vol. 2, p. 1806) the problem of short-lived radioisotopes in worldwide 
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fallout. We expect to give these questions further consideration in our future 
studies. 
If we can be of further assistance, please let us know. 
Sincerely yours, 
A. R. LUEDECKE, General Manager. 


THE Hot Spor PropLeEM AND WoRLDWIDE FALLOUT 
(Submitted by AEC) 


What we are concerned with here are areas the size of many square miles, 

often as large as many counties and even as large as several States, over which 

a rainstorm has dumped radioactive debris which had become incorporated in 

: it either as tropospheric debris from some quite recent weapons tests in Nevada 
; or from some U.S.S.R. test. It is less likely that tropospheric debris from a 
Pacific test would be sufficiently concentrated to produce a rainout with such 

dramatic effects as those noted in 1953 in the Troy, N.Y., area where there was 

suddenly observed a rapid rise in gross background radioactivity. In general, 

we are concerned with areas in which the external radiation dose from fallout 


by may be higher by a factor of two or three than in an adjacent area and the 
Sts, average strontium 90 in the soil be double that in adjacent areas. 
ing We have reviewed the trajectories from the larger (10 kilotons and above) 
ind shots from Operation Plumbbob (1957). Several of them passed over the Dakota- 
nee Minnesota area simultaneously with observed rainstorms in that area. Thus, 
there is every reason to believe that heavy direct contamination of forage con- 
‘ive tributed to the abrupt rise in strontium 90 content of milk in the Mandan, 
sig- N. Dak., area in August 1957. The fact that the levels gradually fell off, and 
ith throughout calendar year 1958 did not exceed 23 strontium units, is presumptive 
and evidence that the higher figures the previous year resulted from some mechanism 
at involving the bypass of the soil. It is interesting to note that as of August 1958 
Wa the soil strontium 90 was 45 me. Sr”/sq.m., a value which might be called average 
was for the United States in 1958. Equally striking was the fact that of seven 
samples of 1956 Minnesota wheat, each from a different part of the State, no 
ate- | sample contained more than 77ypz Sr” per kilogram of wheat, while the mean 
ight | value was 45; in 1957 of seven samples of Minnesota wheat (from essentially the 
tent same areas), no sample contained less than 47uyz Sr” per kilogram, while the 
roth mean value was 67; yet in 1958 of nine such samples the highest value was 60 
ited and the mean was again 45. Whole cereal grains are particularly likely to show 
the a high strontium 90 content in years in which an especially heavily contaminated 
ate, rain occurred while the grain was maturing. British scientists have demon- 
on strated experimentally that this is the case. For corn, of course, there would 
be little chance for surface contamination of the ear to get into the kernel. 
fica- Our pasture program has demonstrated that the buildup of strontium 90 in 
the the soils has been steady and the rate of buildup varies from area to area. In 
p of any given region it is quite clearly related to annual rainfall. As the seasons 
pass there are wide fluctuations in the strontium 90 content of the fodder but 
ttee the uptake of strontium 90 in the animal zones is a relatively steady process. 
ear- These observations have substantiated the soundness of the philosophy of the 


ICRP and the NCRP. These bodies hold that it is the strontium 90 content of 
the total diet, and averaged over periods of time of up to a year, which will 
determine the rate of accumulation of strontium 90 in bone. The significance 
of relatively high values in wheat will depend on the values for strontium 90 
n. in the total diet. In this country, of course, the value for strontium 90 in the 
milk and milk products consumed is especially important. The eventual uptake in 
bone will almost certainly not exceed in strontium units that of the milk and milk 
products in the diet. In fact, unless extreme levels in wheat or some other 
dietary constituent are consumed year in and year out, the bones will have a 


9. lower strontium 90 calcium ratio than the milk. 
: In the final analysis, we are interested in the incidence of possible somatic 
ymae effects of deposited strontium 90 in the human population. The most pessi- 
nistic assumptions usually made about the effects of fallout are related really 
y 18, to statistical probabilities of individuals (in a population) having difficulties. 
ings The view which one adopts depends upon what is assumed about these sta- 
and tistical relationships between the somatic effects of concern—bone cancer and 
wide leukemia induction—and the body burden of strontium 90. If a true threshold 


exists, as was postulated in the testimony of Dr. Brues and Dr. Law, the effect 
of body burdens below the threshold value is essentially zero. If, on the other 
hand, cancer and leukemia induction are in direct proportion to radiation dose 
irrespective of dose rate—the so-called linear hypothesis—then, insofar as total 
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effect is concerned, ‘“* * * it is the average dose over the entire population of 
the U.S. which is important, and local hot spots do not have the alarming 
significance that is often attributed to them” (Lewis’ testimony). Thus, 
whereas on the linear hypothesis individuals with two, three, or four times the 
average body burden would have no more than two, three, or four times greater 
chance of developing bone cancer or leukemia, these individuals would, on the 
hypothesis of dose-rate dependency, have chances greater than twofold, three- 
fold, or fourfold. However, for the strontium 90 levels in bone with which we 
are concerned here (or for the levels predicted by the fallout prediction panel) ; 
it is virtually certain that the chances for bone cancer or leukemia induction 
predicted on a dose-rate dependency hypothesis would be extremely low even for 
higher body burden individuals and weuld be less than the probabilities predicted 
on the linearity hypothesis. 





CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIC ENERGY, 
June 17, 1959. 
Gen. A. R. LUEDECKE, 
General Manager, U.S. Atomic Energy Commission, 
Washington, D.C. 

DEAR GENERAL LvuEepECKE: After reviewing the Commission's supplementary 
statement on the hotspot problem, which was requested by the Subcommittee on 
Radiation, in connection with the recent hearings on fallout from nuclear 
weapons tests, I believe some clarification is still required on the specifics of the 
question for purposes of a meaningful record. 

In particular, it is requested that the Commission provide the subcommittee 
with specific information on the actual levels of strontium 90 as measured in the 
various hotspot areas such as Minnesota and North Dakota, together with an 
interpretation of this information. If such data are not available, the sub- 
committee would like to know what measures would be required to obtain such 
data and what increase in the current level of support would be needed. 

The subcommittee would also like the Commission’s comments on how these 
specific levels of strontium 90 activity in the hotspot areas, referred to above, 
relate to present standards on maximum permissible concentrations for the 
population as a whole. 

The Commission's cooperation in providing this further material to the sub 
committee is appreciated. 

Sincerely yours, 
CuetT HOLIFIELD, 
Chairman, Subcommittee on Radiation. 


ATOMIC ENERGY COMMISSION, 
Washington, D.C., July 24, 1959. 
Hon. CHET HOLIFIELD, 
Chairman, Subcommittee on Radiation, 
Joint Committee on Atomic Energy, 
Congress of the United States. 

Dear Mr. Hoviri1etp: This is in reply to your letter of June 17, 1959, in which 
you request further information concerning strontium 90 levels in hotspot 
areas. 

Supplementary information is provided in the attached statement and ap- 
pendixes which give specific information on measured levels of strontium 90 in 
hotspot areas, together with interpretation of the data and comparison with 
currently recommended levels. The data given here permit a reasonably good 
assessment of the range of concentrations of strontium 90 in various areas and in 
various items of food. 

As you will see, these data indicate that (1) strontium 90 soil values in the 
areas of interest (because of relatively high levels of fallout occurring during 
the course of certain weapons tests) are not higher than the average for the 
United States as a whole; (2) these particular areas, considered from the stand- 
point of strontium 90 contamination over the long term, which is the important 
consideration now, should not be considered as hotspots. 

In the attached supplementary statement, levels of activity are compared 
with maximum permissible levels recommended by the ICRP. In summary, 
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estimates of total dietary strontium 90, referred to as a “maximum diet” applica- 
ble to the population of the North Central States is calculated to be 16 micro- 
microcuries of strontium 90 per kilogram of food. This is to be compared with 
the ICRP recommended level of 100 as the maximum permissible level for popu- 
lations outside controlled areas, and 33 as their “suggestion” for the average 
concentration in the diet of the whole population. 

Our budget for the fiscal year 1960, now before the Congress provides for some 
expansion of our monitoring, sampling, and analysis program. This expansion 
will permit more detained ideatification of areas of variations and becter esti- 
mates of such factors as variation in average dietary content and in human 
uptake. 

A massive sampling program designed to give detailed coverage of every case of 
higher-than-average level of radioactivity is beyond our present fiscal and 
physical capability. It is felt that there are practical limits to the detail of 
monitoring which can be justified for purposes of surveillance and evaluation. 
More detailed sampling would be appropriate if present studies indicated a 
reasonable probability of levels of radioactvity requiring some specific action 
in the interest of the public health. 

I am pleased to submit this supplementary material, and will provide addi- 
tional information if it should be desired. 

Sincerely yours, 
A. R. LUEDECKE, General Manager. 

Enclosure: 

Report : “Supplementary Information on the Hotspot Problem” (see below). 

Appendix A. “Strontium 90 Data for Certain Areas” (p. 2121). 

Appendix B. “North Dakota Strontium 90 Analyses” (p. 2128). 

Appendix C. “Tabulation of Findings, Public Health Service Radiation 
Surveillance Network” (filed with Joint Committee). 

Appendix D. “Fallout From Nuclear Tests at the Nevada Test Site” (see 
p. 2021). 

Appendix E. “Dietary Strontium $0 Estimates for the United States,” 
dated May 11, 1959 (p. 2130). 


SUPPLEMENTARY INFORMATION ON THE Hort Spor PROBLEM 


INTRODUCTION 


On June 2, 1959, the Commission submitted a statement entitled “The Hot 
Spot Problem and Worldwide Fallout” in response to a request from Chairman 
Chet Holifield of the Subcommittee on Radiation, JCAE, as an outgrowth of the 
public hearings on fallout from nuclear weapons tests, which had been held in 
May 1959. 

In a second letter dated June 17, 1959, Chairman Holifield asked that the 
Commission provide the subcommittee with specific information on the actual 
levels of strontium 90 as measured in the various hot-spot areas such as Minne- 
sota and North Dakota, together with an interpretation of this information. The 
present statement is intended to provide the information and interpretation 
requested. The material which follows consists of a summary discussion of 
the actual measured levels of strontium 90, and interpretation of the data in 
terms of maximum permissible levels, and five appendixes containing the detailed 
data, as follows: 

Appendix A.—‘Strontium 90 Data for Certain Areas.” 

Appendix B. “North Dakota Strontium 90 Analyses.” 

Apvendix C.' “Tabulations of Findings, Public Health Service Radiation 
Surveillance Network,” for the period May 17, 1957, through March 31, 1959 
(19 memorandum reports dated August 23, 1957, to June 15, 1959). 

Appendix D. “Fallout from Nuclear Tests at the Nevada Test Site.” by 
Gordon M. Dunning (identical to the statement previously submitted to the 
public hearings on fallout from nuclear weapons tests, May 5-8, 1959). 

Appendix E. “Dietary Strontium 90 Estimates for the United States,” by 
John H. Harley (memorandum to files dated May 11, 1959). 





On file with the joint committee. 
See p. 2021. 
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SUMMARY DISCUSSION OF MEASUREL LEVELS 


Appendix A contains the specific strontium 90 data vhich were available at 
the time of the fallout hearings in May 1959. These data formed the basis 
for the previous statement entitled “The Hot Spot Problem and Worldwide Fall- 
out.” The North Dakota data in appendix B have been obtained since that 
statement was prepared. These new data tend to confirm the general levels 
indicated by the earlier North Dakota data. However, they also serve to estab- 
lish somewhat more completely the variability within the North Dakota area, 

For example, new milk data obtained by the Lamont Geological Observatory 
are given in appendix B representing May 1958 samples from five of the seven 
major sectors which supply milk to the Mandan, N. Dak., powdered milk plant. 
The levels range from 8.7 to 35.8 strontium units (micromicrocuries strontium 90 
per gram calcium) with an average of 19.1. For comparison, the previously 
available monthly pooled samples from Mandan, analyzed by the AEC Health 
and Safety Laboratory (data given in appendix A) showed 21.3 strontium units 
for May 1958. These data suggest that the pooled sample is reasonably repre- 
sentative of the average contamination level over a broad area such as the State 
of North Dakota and that in smaller subdivisions of this broad area variations 
from half to double the average can be expected. Assuming that the local vari- 
ability was as great in the summer of 1957, when the measured strontium 90 
level in the Mandan pooled milk sample reached its maximum of 32.7 strontium 
units, local levels within the Mandan milkshed could possibly have reached a 
temporary maximum of 60 units or more. On the other hand, new data on 
monthly milk samples from Bismarck, N. Dak. (app. B) show a maximum of 
only 18.0 strontium units occurring in September 1957, and are consistently 
much lower than the Mandan samples for corresponding months. 

New data are also given in appendix B on seven soil samples collected in the 
Mandan area in August 1958. They show strontium 90 levels ranging from 22.9 
to 47.4 millicuries per square mile in the top 2 inches with an average of 35.2 
which are consistent with the previously available HAS measurements of 40.2 
and 44.8 millicuries strontium 90 per square mile in samples of the top 6 inches 
collected at Mandan in June 1958 by the U.S. Department of Agriculture. The 
soil strontium 90 levels at Williston and Bismarck (app. B) are somewhat lower 
than that at Mandan. All the North Dakota soil data now available indicate 
a range from 13.5 to 47.4 millicuries per square mile in the top 2 inches of soil 
as of mid-1958, a variation of some 60 percent above and below an average level 
of about 30. 

For comparison, the average of U.S. soils in the latitude band 40° to 50° north 
(which includes North Dakota) was 47 millicuries per square mile for the top 
6 inches. This is higher than the Mandan soil level for this same depth of 
sampling. The Mandan area, in turn, appeared to be higher than the average 
for the State as a whole. Thus, it seems that the North Dakota area cannot be 
considered a “hot spot” in terms of accumulated strontium 90 contamination of 
the soil. 

A comparison can also be made between the new data on strontium 90 in 
1958 wheat from North Dakota and similar data previously available from Minne- 
sota. Six North Dakota wheat samples given in appendix B fall in the range 
29 to 54 micromicrocuries strontium 90 per kilogram of wheat with an average 
of 43.5. For comparison, the 9 samples of 1958 Minnesota data previously 
available (app. D, table VII), range from 35 to 60 micromicrocuries strontium 90 
per kilogram, with an average of 44.4, showing very close similarity both in the 
mean and in the variability. 

Data from California and Utah are included in appendix A because unusual 
environment radioactivity levels have, at times, created public concern in those 
States. It should be pointed out, and will be clear from an inspection of the 
data, that strontium 90 levels are not abnormally high in these areas. The 
California fallout incidents have involved transient high levels of air activity, 
and the Utah incidents have involved primarily external gamma radiation 
from fresh fallout. These incidents are covered fully in appendix D. 

Appendix C, while not containing strontium 90 data explicitly, does serve to 
document the major fallout occurrences associated with Operation Plumbob and 
to indicate their extent and relative severity. For example, during 1957, rain 
measurements indicating a deposition of total fission product radioactivity 
exceeding 386,000 micromicrocuries per square meter (1 curie per square mile) 
in a 1- or 2-day period were recorded on the following occasions: 
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1957 rains with total radioactivity exceeding 1 curie per square mile 


Beta radioactivity in | 
precipitation Approxi- 
Station ten 1. | mate age 
| (days 


puc/m? Me/sq 


se as 2 ntilinhtedncgins a 


14 
Cieyenne, Wyo-.-- , . Aug. 27-29. _...-} 471, 000 6-12 
Denver, Colo M08! Bis 2... 759, 000 4 
Indianapolis, Ind June 28-29 977, 000 
lowa City, lowa- - : 7" | July 13-14 601, 000 
Do i Aug. 26-27 --| 2,244,000 | 
Do Oct. 15-16_._____| 530, 000 
Jefferson City, Mo Tero July 9-10__ 7 2, 931, 000 
Do = =e 'hlUMSlhU | 824, 000 
Do : | Sept. 7._- 905, 000 
Do : Oct. 15-16__- 483, 000 | 
New Orleans, La... Was : .| July 3l-Aug. 1. 438, 000 
Do ; sus od : Aug. 30-31 | 577, 000 
Pierre, S. Dak __---- ; Sept. 5_- : 568, 000 | 
Do 7 Sept. 18.......__} 1,338,000 
Richmond, Va 7" ..| July 23-24. 425, 000 
Do pees | Sept. 9-10 | 834, 000 


| 
Atlanta, Ga : ; June 28-29.____ 571, 000 | 
| 
i 


7-12 
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| | 


In each case the age of the debris, estimated from the rate of radioactive 
decay, as well as the association with cloud trajectories estimated from upper 
air wind data, indicate an origin in one or more of the detonations in the 
Plumbbob series. The Plumbbob cloud trajectories are illustrated in appendix D. 

The strontium 90 content of fission debris is less than 1/20,000 of the total 
radioactivity in the first 2 days after detonation and increases gradually to 
1/10,0U0 in 4 days, 1/5,000 in 8 days, and 1/2,000 in 25 days. From this it can 
be estimated that the total strontium 90 contribution of these rains would have 
been in the neighborhood of 2 millicuries per square mile at Iowa City, Iowa, 
and Jefferson City, Mo. Actual monthly measurements of strontium 90 fall- 
out at Vermillion, S. Dak., for June, July, and August 1957 indicate a total of 
4.9 millicuries per square mile (app. A). 

The Plumbbob series could thus have contributed some 10 to 20 percent to the 
accumulated soil strontium 90 levels in the summer of 1957. The Plumbbob 
contribution to the strontium 90 content of the crops growing at the time of 
these particular rains, however, must have been considerably greater. Each 
crop is found to take up at most only a few percent of the strontium 90 contained 
in the soil. The fraction absorbed directly from rain can be several times as 
great under suitable circumstances. 

This evidence from shot dates, wind trajectories, and measured daily fallout 
levels at stations in the North Central States, when taken together with the 
observed decrease of wheat and milk contamination from 1957 to 1958, leads us 
to feel that direct absorption of strontium 90 from Operation Plumbbob con- 
tributed an important part of the hot-spot levels observed in 1957. However, it 
should be pointed out that fallout rates in individual rains and in monthly pot 
collections have generally been higher in the Northern than in the Southern 
States, regardless of the source of the fallout. For example, individual rains of 
hearly comparable radioactivity have occurred occasionally at some of these 
same stations during 1958 when no Nevada tests were in progress. Thus the 
possibility cannot be ruled out that dietary contamination levels in the North 
Central States would have been higher than the U.S. average even in the absence 
of direct uptake from fresh Nevada debris. 

Estimates of total dietary strontium 90 for both average and high mean con- 
tamination levels during 1958 are given in appendix E, based on available 
measurements in the five major food categories. These indicate a “maximum 
diet” of 31 strontium units applicable to the population of the North Central 
States for that year as compared to a nationwide average of 15 strontium units. 
These levels can also be expressed as 16 and 8 micromicrocuries of strontium 90 
per kilogram of food, respectively. 

In summary, these studies show that: (1) strontium 90 soil values in the 
areas of interest (because of relatively high levels of fallout occurring during 
the course of certain weapons tests) are not higher than the average for the 
United States as a whole, (2) these particular areas, considered from the 
standpoint of strontium 90 contamination over the long term, which is the im- 
portant consideration now, should not be considered as “hot spots.” 
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COMPARISON WITH RECOMMENDED MAXIMUM PERMISSIBLE LEVELS 


The National Committee on Radiation Protection, in National Bureau of Stand- 
ards “Handbook 69,” recommends as the maximum permissible concentration in 
water, for occupational exposure, 1,000 micromicrocuries of strontium 90 per 
liter. 

With respect to persons outside the controlled area, they recommend : exhibit 
No. 1, NBS “Handbook 69,” page 6: “The maximum permissible average body 
burden of radionuclides in persons outside of the controlled area and attributa- 
ble to the operations within the controlled area shall not exceed one-tenth of 
that for radiation workers.’ This will generally entail control of the average 
concentrations in air or water at the point of intake, or of the rate of intake to 
the body in foodstuffs, to levels not exceeding one-tenth of the maximum permis- 
sible concentrations allowed in air, water, and foodstuffs for continuous occupa- 
tional exposure. The body burden and concentrations of radionuclides may be 
averaged over periods up to 1 year.” 

Their recommendation with respect to foods is as follows: 

Exhibit No. 2, NBS “Handbook 69,” page 21: “The (MPC)w values listed in 
table 1 may, with caution be applied to foods but to use the (MPC). for the 
168-hour week without correction for actual intake amounts to assuming that 
2,200 grams‘ of the individual’s food (i.e., substantially all his food), is con- 
taminated at this level and that this situation will persist for 50 years, or until 
equilibrium is reached in the body. Obviously, a correction factor to take 
account of the food intake is needed, but to simply use the ratio of 2,200 grams 
to the grams of intake of a particular food (e.g., butter) as correction factor 
amounts to assuming no other foods or beverages are contaminated. Again all 
the factors in the total situation must be considered and great judgment must 
be used in making such corrections.” 

To comply with these three recommendations the average concentration of 
strontium 90 in the diet should not exceed 100 micromicrocuries per kilogram. 

Except for exposure to the reproductive cells, the National Committee on 
Radiation Protection makes no further recommendations applicable to the gen- 
eral public. The International Commission on Radiological Protection, after 
making equivalent recommendations, goes somewhat further with the following 
statements. 

Exhibit No. 3, recommendations of the International Commission on Radio- 
logical Protection (adopted Sept. 9, 1958), page 16: ‘“(66) No specific ree- 
ommendations are made at this time as to the maximum permissible ‘somati- 
cally’ relevant dose to the population. However, it is expected that the maxi- 
mum permissible limits of the individual total doses recommended in paragraphs 
46-57 will keep the average dose in any time at such a level that the injuries 
that could possibly occur in a population would be well within acceptable 
limits.” 

Exhibit No. 4, ibid. page 13: “(56) The individual maximum permissible 
annual dose will not be exceeded from internal exposure of any single organ, 
if the release of radioactive material is planned on the basis of one-tenth of the 
maximum permissible concentration (i.e. 200 strontium units) (MPC) in air or 
water as given for continuous occupational exposure (‘168-hour week’) given in 
the report of committee II.” 

Exhibit No. 5, ibid. page 16: ‘“(68) There remain for further consideration 
those isotopes that concentrate in specific organs (other than the gonads). In 
view of the existing uncertainty as to the dose-effect relationships for somatic 
effects, it is suggested [italic supplied] that for planning purposes the average 
concentrations of such isotopes, or mixtures thereof, in air or water applicable 
to the population at large, should not exceed one-thirtieth of the MPC values for 
continuous occupational exposure given in the report of committee ITI.” 

_ Both the NCRP and the ICRP recommend that in cases in which the body 
tissue under consideration received radiation from more than one radioisotope, 
contributions from additional radioisotopes should be taken into account. For 
reasons of relatively small uptake or relatively short half life, the dose to the 
hone from other radioisotopes in fallout is smaller than that due to strontium 
90 unless most of the exposure is to recently produced material. 


3 Based on continuous occupational exposure for a 168-hour week. 
* The average daily intake of water for the standard man. 
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As applied to strontium 90 in the diet, these recommendations may be sum- 
marized as follows: 

(1) The strontium 90 content of the diet of any individual, averaged over the 
entire diet for periods up to 1 year, should not exceed 100 micromicrocuries per 
kilogram. 

(2) The ICRP suggests that the average concentration of strontium 90 in 
the diet of the whole population should not exceed 33 microcuries per kilogram. 

Only the first of these recommendations is relevant to the question of the 
significance of variations of concentrations of radioactivity from one area to 
another. 

In comparing observed levels of concentrations of strontium 90 in the diet 
with recommended maximum permissible limits, it should be borne in mind that 
the purpose of such limits is to prevent the accumulation of excessive quantities 
of radioactivity in the body—in this case, in the skeleton. To the extent that 
it is practical, the best indication of the significance of dietary levels is the con- 
centration of strontium 90 actually found in the bones of those persons most 
nearly in equilibrium with their environment—young children. At the present 
time observed concentrations in North America average about 1 percent of the 
200 strontium units, the currently recommended concentration for individuals 
outside of a controlled area, with some concentrations several times this average. 

It should further be borne in mind that recommended maximum permissible 
levels are not levels which mark a boundary between safety and danger. This 
point Was covered more fully in the discussion of maximum permissible levels 
by Dr. Charles IL. Dunham in his opening testimony at the fallout hearing in 
May 1959. 


APPENDIx A 


STRONTIUM 90 Data For CERTAIN AREAS 


The strontium 90 data for certain areas of interest in the following tables 
have been extracted from various reports. The areas considered are (1) 
Nevada test site and adjacent areas (Nevada-Utah), (2) California, and (3) 


Minnesota-North Dakota-South Dakota. These areas are considered because of 
relatively high levels of fallout occurring during the course of weapons testing 
although, as may be seen from the tables, strontium 90 levels may not be higher 
than the average for the United States and would not be considered as hot spots 
from that standpoint. 

A great deal of data tabulated below has been obtained from Health and 
Safety Laboratory reports, HASL—42 and HASL-65. The statement submitted 
for the hearings by Dr. Lyle T. Alexander of the U.S. Department of Agriculture 
was the source for some of the soil data. The statement of C. P. Straub of the 
U.S. Public Health Service was used for some of the milk data. 

1. Water samples.—Tracerlab, Inc., collects and analyzes tapwater samples 
on a monthly basis at Richmond, Calif. These provide an indication of the 
strontium 90 intake from water in this area. These data are shown on page 
A-3. Strontium 90 levels in reservoirs following higher than usual fallout in 
California in the spring of 1958 are also shown. 

2. Milk samples.—The strontium 90 content of monthly milk samples collected 
and analyzed by the Public Health Service at Fargo-Moorhead, Sacramento, and 
Salt Lake City are shown on pages A4-S. Data for powdered buttermilk samples 
from Mandan collected by the Health and Safety Laboratory are shown on 
pages A~9 and A-10. Human milk samples and some corresponding cow’s milk 
samples were collected by the Health and Safety Laboratory. Strontium 90 
analyses for these samples collected during 1957 at Los Angeles and San Fran- 
cisco are shown on page A-11. Milk levels provide an index of dietary intake 
of strontium 90. 

The California milk samples are relatively low in strontium 90 content even 
though higher than usual fallout occurred in California during some Nevada 
and U.S.S.R. tests. The strontium 90 levels in Mandan milk increased abruptly 
in 1957 and gradually fell off to levels found throughout 1958 which provides 
some indication that the rate of fallout is an important consideration. It 
appears that direct contamination of forage contributes to the level of strontium 
0 in milk and may cause abrupt increases in these levels. 

3. Soil samples.—The strontium 90 levels as determined by analyses of soil 
Samples at Los Angeles, Rapid City, Salt Lake City, and Mandan are shown on 
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page A-13. Soil samples obtained as part of the HASL pasture program pro- 
vide additional data for areas in Utah, California, and North Dakota, which 
are shown on page A-12. These data provide estimates of the total strontium 9% 
deposition in these areas at the time of collection. 

4. Monthly fallout collections.—Samples of fallout and rainfall are collected 
and analyzed for strontium 90 from Salt Lake City, Vermillion, and Richmond, 
Calif. These data are shown on pages Al4-Al17 and provide an estimate of the 
rate of strontium 90 deposition at these locations. 

5. Gummed-film measurements.—Fallout samples collected on gummed-film 
are used to estimate strontium 90 levels and deposition rates. Data for certain 
areas of irterest are shown on page A-18. These data supplement other fallout 
information shown above. 

6. Food samples.—Analyses of strontium 90 in food samples collected by the 
Lamont Geological Observatory for Minnesota and California are shown on 
page A-19. The data for samples of hay collected through the HASL pasture 
program are shown on page A-21. Samples of Minnesota wheat were sent to 
HASL by Dr. Maurice B. Visscher of the University of Minnesota Medical School 
for strontium 90 analyses. These data are shown on page A-22. The levels 
of strontium 90 in foods and forage may be related to the soil data for these 
areas. The Minnesota wheat data provide further evidence of the importance 
of direct contamination by fallout as a cause of abrupt increases of strontium 
90 in foods and milk. 

7. Animal bone.—Animal bone samples were collected and analyzed through 
the HASL pasture program from areas in Utah, North Dakota, and Cailfornia. 
These data are shown on page A-23. These show bone levels of strontium 9 
which may be related to other fallout data. Although it is expected that 
animal bones will have higher strontium 90 levels than human bone, the animal 
data provide a rough estimate of expected human levels. 


TaBLE 1.—Tap water samples, Richmond, Calif. 

Period: Sr puc/liter 
April, 1958 - - - - -- ..... 005 +001 
May J el du belek ey Oe OE 
June omy Y . 12 +0.01 
IR ee sce coe oo ee ee oe ce ge pone J UOS Bde Gye eae 
August_ - _ -- : . 19 +0. 03 
September BNE Es Mes _ 0. 0380+0. 001 
EN... Los wiesces See Te eeo.% i . 21 +0. 04 
November 3-28 ‘ : . 22 +0.01 
December 1958___ ---- . 22 +0. 01 
January 1959 od { _ 0.22 +0. 01 


TABLE 2.—Reservoir water samples, California 


Location Date | ype Sr*°/liter 





j 
| 
——_ — _ _ _ - — — - ~ _ {|—— —__—_—_—_—_|- ee 


San Andres No. 1__--- | May 23, 1958 | 0. 3240.01 
San Fernando Reservoir | May 21, 1958 | 0. 18+0. 01 
Stone Canyon Reservoir b _do 0. 22+0. 01 
Summit Reservoir .-_- ; oatdeue ; May 23, 1958 0. 3440. 01 
Claremont Reservoir d att eS: | 0. 5640.02 
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TABLE 3.—USPHS milk samples, Fargo, N. Dak.—Moorhead, Minn. 


Date 


Ca content 


g/liter 


June 7, 1958 
July 6, 1958 
Aug. 3, 1958 
Sent. 4, 1958 
Oct. 1, 1958 
Oct. 30, 1958 


TABLE 4. 


Ca 
Content 
g/liter 


Apr. 11, 1957 
May 13, 1957 
June 19, 1957 
July 22, 1957 
Aug. 18, 1957 
Sept. 19, 1957 
Oct. 14, 1957 
Nov. 14, 1957 
Dec. 19, 1957 
Jan. 15, 1958 
Feb. 16, 1958 
Mar. 16, 1958 


Ca 
content 
g/liter 


May 16, 1957 
June 17, 1957 
July 18, 1957 
Aug. 11, 1957 
Sept. 12, 1957 
Oct. 10, 1957 
Nov. 13, 1957 
Dec. 15, 1957 
Jan. 15, 1958 
Feb. 17, 1958 
Mar. 13, 1958 
Apr. 14, 1958 


20, 1959 


Sample 


D>~1c 


+ bo 


Sr Date 


puc/liter 


15. 6 
16.3 
10. 2 
14.1 
15.0 
11.5 


Dec. 4, 1958 
Dec. 31, 1958 
Feb. 4, 1959 
Mar. 9, 1959 


Ca content sr* 
g/liter puc/liter 


165 
159 
135 
109 


Average to Mar. 9, 1959 


milk samples, Sacramento, Calif. 


/liter 


Average 


Apr. 14, 1958 
May 15, 1958 
June 15, 1958 
July 13, 1958 
Aug. 17, 1958 
Sept. 17, 1958 
Oct. 14, 1958 
Nov. 18, 1958 
Dec. 14, 1958 
Jan. 15, 1959 
Feb. 23, 1959 
Mar. 15, 1959 


4. 4(1957) 


Content 


Ca Sr © pyec/liter 
g/liter 


Sample Average 


1. 146 10 
1. 141 3 
1. 122 7 
1. 036 3 
1. 150 6 
1. 161 
1. 109 
1. 111 
1. 166 
1.150 
1. 151 
1. 133 


5. 1(1958) 


Ch me OD won 


5. 2(1959 


~ic 


TABLE 5.—USPHS milk samples 


SALT LAKE CITY, UTAH 


Sr” uue/liter 


Sample 


we CO OD 


Ca 


Date | content 


Sr* puc, liter 


Averages 


May 14, 1958 
June 11, 1958 
July 15, 1958 
Aug. 14, 1958 
Sept. 13, 1958 
Oct. 13, 1958 
Nov. 14, 1958 
Dec. 16, 1958 
Jan. 15, 1959 
Feb. 17, 1959 
Mar. 16, 1959 


. GEORGE, UTAH 


g/liter 


Sample | Averages 


4.3 (1958 


wm CO im OO OS Oe oe 


4.7 (1959 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


TABLE 6.—Powdered buttermilk samples, Mandan, N. Dak. 


Period muc Sri0/g Ca 
1955 May 7 , wo +04 
June sa : = . 92 +0 
July ae 
August ee 7 ; 5. +0. 
September 4. +0. ¢ 
October ‘ . ee + 0. 
November 7.4 +0. 
December +0. 
1956—January 3.5 +0. 
February Chess ewe Boake hea ates oe ee + 0. 
March re ata ae +h, 
April aie a sons, Goa 
May. ; spas Ui 17 + 1. 
June oa . &7 +0. 
July + 0, 
August + 0. 
September + 0. 
October 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November : 9. O74 Mand 
December z 20). + 0. 66 Braw! 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
1959—Januarvy 


Sample 


~ 
~ 
SODMOWNUWHEWWwWnNnnww 


ND RNID SMS ¢ 
nom & OT 


—a 
t+ YW 


Logan 


a = 
i) 
_ 
vt 


—— 
ac 


bho 


TABLE 7.—HASL human milk samples 


pyc Sr/grCa 


LOS ANGELES, CALIF. 


Mother’s Cow’s milk 
Date 1957 milk used by 
mother 


August 
Do 
Septem ber 





July 
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SAN FRANCISCO, CALIF. 


Mother’s | Cow’s milk 
milk |} used by 
mother 


Samples collected in 1957 _ - 


TABLE 8.—HASL pasture program soil samples 


Depth me 
Location Site inches) Date Sr”/sq. 


Logan, Utah College Farm Sots 0-1 | September 1953 - 
; ER SRE : 1-6 do i 

Robinson Farm ‘ 0-2 | Sept. 18, 1954___- 

: do - = 2-6 

College Farm es 0-2 

_do. > 2-6 

moe: j ade 0-2 

do. : aad 2-6 

do. = guint 0-2 

YEE? ah 2-6 |. 

Mandan, N. Dak_. wt _.| Griffin Farm ; Ele 0-6 | August 1956 
Brawley, Calif. ......-- ‘ Irrigation Station. _-_ 0-6 | Jan. 5, 1956 


TABLE 9.—USDA-HASL soil collections 
meSr**/sq.mi 
Depth 
(inches) | 
1955 1956 1957 1958 

Los Angeles, Calif 
Rapid City, S. Dak 
Salt Lake City, Utah 


8.3 19.0 
31.7 73.8 
20.0 78.0 


Average 50°N-40°N United States ¢ 27.0 46.9 


TABLE 10.—USDA soil collections, Mandan, N. Dak., June 1958 


Site Depth (inches) meSr®/square miles 


44.8 
40.2 
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TABLE 11.—Vonthly pot fallout collections, Salt Lake City, Utah 


December 1956 
January 1957 
February 1957 
March 1957 

A pril 1957 
May 1957 

June 1957 

July 1957 
August 1957 
September 1957 
October 1957 
November 1957 
December 1957 
January 1958 
February 1958 
March 1958 

A pril 1958 

May 1958 

June 1958 

July 1958 
August 1958 
September 1958 
October 1958 
November 1958 


Dec. 12, 1958 to Jan. 12, 


No data 
2 No data for S 


' Trace 


1957— April 1957 
May 

June 

July 
August 
September 
October 
November 
December 
January 
February 
March 

4 pril 

May 
June. 

July 
August 
September 
October 
November 
December 


1958 


Month 


1959 


eptember 1958 included. 


TABLE 12. 


Month 


Cumulative 


me Sr® 


Precipitation 
(inches) 


square miles 


31 +0 
11 +0 
94 +0 
33 +0 


44 +0 
05 +0 
991+0 


418+0 
008 +0 
417+0 


CNN KK SONS eee © 


aw 


76 +0 


14.86 +0. 
16. 33 +0. 
18.43 +0. 
19.73 +0. 


20.01 +0 
20.07 +0 
20.78 +0 
{ 
2 20. 88 
2 21.13 
2 24. 20 


Cumulative 
meSr*/square 


mile 


51 +0 
2.25 + 
3.26 + 
6. 063+ 
7. 1694 
8. 042+ 
8. 972+ 
9. 118+ 
9. 178+ 
9. 26 
9. 64 
9.84 
12. 38 
14. 66 
14. 82 
17. 24 
17. 74 
18. 03 
18. 09 
18. 83 
19. 04 


HH HEHE He HE HE HE HE 


63 +0. 


268+0. 


060+0. 


02 1. 67 
10 1.37 
11 .72 
14 2.18 
14 3.24 
14 3.37 
16 1.47 
187 31 
187 1. 69 
187 .8 
187 
187 
190 
19 87 
20 2.0 
22 2.19 
22 2. 92 
a 30 
23 04 
23 05 
26 35 
3 
(3) 
1.13 
| 


Vonthly pot collections, Vermillion, S. Dak. 


Precipitation 


(inches) 

01 1.35 
05 4.17 
.07 2.37 
154 4.29 
155 1. &2 
173 3.14 
183 1. 67 
. 183 

. 185 

19 22 
.19 2.13 
.19 52 
19 3.15 
21 1.85 
21 1.09 
22 4.47 
22 19 
23 SA 
. 23 0 
23 94 
23 07 








Mar. ‘ 
Mar. < 
Apr. 2 
May 2 
June 2 
July 2 
Aug. 2 
Sept. : 
Oct. 2 
Nov 
Dec. 2 


Jan. 2 


TAB 


Billin 
Las \ 
Los 4 
Minn 
Rapi 
Salt 1 
San | 


Jan 


Feb 








tion 
S) 


. 67 
3 
18 
24 
3 
47 
“31 
1. 69 
33 


—wwr 
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© 
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TABLE 13.—Precipitation collections, Richmond, Calif. 


Sampling period 


From 

Mar. 20, 1958 Mar. 28, 1958 
Mar, 28, 1958 Apr. 28, 1958 
Apr. 28, 1958 May 24, 1958 
May 24, 1958 June 24, 1958 
June 24, 1958 July 25, 1958 
July 25, 1958 Aug. 29, 1958 
Aug. 29, 1958 Sept. 30, 1958 
Sept. 30, 1958 Oct. 27, 1958 
Oct. 27, 1958 Nov. 24, 1958 
Nov. 24. 1958 Dec. 29, 1958 _- 
Dec. 29, 1958 Jan. 28, 1959 
Jan, 28, 1959 Feb. 9, 1959 


TABLE 14. 


Location 


Billings, Mont 

Las Vegas, > ev 

Los Angeles, Calif 
Minneapolis, Minn 
Rapid City, S. Dak 
Salt Lake City, Utah 
San Francisco, Calif 


TABLE 15.—Lamont Geological 


Cumulative | Precipi- 


meSr*/sq. mi. tation 
To— (inches) 
2. 824+0. 289 4.07 
5. 185+ .332 6.15 
5. 5764 . 337 80 
5. 748+ . 338 47 
5.80 + .34 Dry 
5.97 + .34 Dry 
6.02 + .34 05 
6.05 + .34 17 
6.09 + .34 04 
6.36 + .34 77 
7.75 + .34 4.42 
7.79 + .34 Trace 


Gummed film measurements, cumulative Sr” deposition (mc/sq. mi.) 


Septenber June 1956 June 1957 


1955 

5. 7 14.9 26 

17.8 23 

6.8 ll 

4.9 16.4 25 

6.1 11.6 18 

23. 0 34. 6 54 

Sei 2.1 8.9 14 


Observatory food samples 


Location Sample Date Sr” pyue/g Ca 
Minnesota Corn Sentember 1956 1.6 
Peas June 1956 5.8 
California Asparagus April 1957 1.8 
Lima beans May 1957 4.6 
do Sentember 1955 10.0 
do Sentember 1956 4.3 
Broccoli April 1957_ 4.0 
Brussels sprouts October 1956 12.0 
do Se tember 1956 4.3 
do December 1956__ 2.5 
do November 1956 1.1 
Cauliflower October 1956 28.5 
do April 1957 22. 5 
Spinach March 1957 13.9 
do do 9.1 
do do 9.5 

TABLE 16.—USDA-HASL vegetable samples, Brawley, Calif. 

Date Type Sr puc/g Ca 
Jan. 5,1956 | Lettuce 0. 39-40. 05 
Do | Broecoli 25+ . 08 
Do Peas 1.344 .08 
Feb. 28,1957 | Pea pods <0.3 
Do Broecoli 1. 10+0. 07 
Do Cantaloupe rind and flesh <0. 33 
Do Cantaloupe seeds <0. 24 
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TABLE 17.—HASL pasture program hay samples 


Location Site Date Sr puc/e Ca 


Logan, Utah Robinson farm Sept. 18, 1954 
College farm ssc aimed eae aed 
do. ; , July 18, 1955_ 
do .| June 10, 1956 
Mandan, N. Dak | June 1956. 
(Silage) - - - 
| July 1, 1956. - -.- 
Brawley, Calif. (alfalfa _| Jan, 5, 1956... 
Feb. 28, 1957_- 


TABLE 18.— Minnesota wheat data 


{Strontium 90, wye/kg wheat] 


, as 
Location 1956 | 1957 | 1958 Location | 1956 | 1957 | 1958 


} } 
Rosemont 76 | 65 | 36 || Waseca ; 146 [47 | 
Southwest 71 51 37 Northern Minnesota | | 47 
Grand Rapids 36 61 60 || International Falls 
Morris : 28 80 ; Unknown | 
Duluth 38 35 § 
Crookston 17/112 42 j— aclpacint a | aoenn 

Average | 44.6 | 66.1) 43.4 


TABLE 19.—HASL pasture program—Animal bone 


Location Site Sr yyue/g Ca 
| i | 


| 
Logan, Utah | Robinson Farm. Fall 1953. 1.2 
| College Farm... -.|.....do.-__. : 0.6 
| Robinson Farm__.| September 1954- _ _| -4 +0.2 
| College Farm... -_-_|- O08. <=s | .7 +0.2 
FY nn ...-| October 1955. - -_--| .2 +0.4 
do___. May 1956 cae 4 40.4 
do . | Nov. 13, 1956 a 5.3 +0.3 
Mandan, N. Dak Mar. 27, 1956. __ : +0.6 
May 1957 ‘ 26.8 +0.5 
Brawley, Calif | Feb. 28, 1957_._.__} . 670. 05 


APPENDIx B 


TABLE 1.—North Dakota strontium 90 analyses—Lamont Geological Observatory 
analyses 


BONE SAMPLES 


ag ! Date of death | pee Sr*/g Ca 
No. 


| 


7470 | Female Fetus. -. | Mid-1958_.___-.- 0. 53. 06 
7471 | Male__-- 61. Ds ae a . 51+. 04 
7472 |_._...do ; ..| 61. ; cas: e = <0. 4 
7473 | MD aoc .-| Fetus. ..do 

7474 .do aks a) : oe 

7475 .do 5 | 23. i ; a | 

7476 | .do 25. : ee =— = 

7477 tiwecs SR eesicgtinnee stein 

7478 .do : his saciack is ae ae ‘ 

7481 | .do ‘ | Stillborn... aad fea. BR. Saat oe 


Willis 


Mand 


Mand 
D 
Arnol 
Mand 
Mand 
inch 
Bisma 
D 
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MILKS 


Location LGO No. | Date collected 


South Soo May 1958 
West of South Soo ...do : 
McLaughlin do 
North Soo ; _do 
South Branch | .do f 
Bismarck 324 | March 1957 
Do ‘ 325 | April 1957. 
Do ; 326 | May 1957 
Do 327 | June 1957__. 
Do 328 | July 1957 
Do 329 | August 1957- 


Do 330 | September 1957_| 


Do 331 | October 1957 


Do 333 | November 1957__| 


Do ; 332 | December 1957. 
Do 617 | January 1958 _- 
Do 618 | February 1958 
Do 619 | March 1958 

Do i : 620 April 1958 _ _- 
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wpe Sr*%/g Ca 


21 
11 


8. 


35. 
18, 
6 


ll 


6. 


12. 
18 
16 
15. 
ll 
17 
13. 
14 
13 


. 2740. 45 
- 164 .45 
70+ .45 
~8lt .75 
52+ . 60 
. 3+ .10 
98+ .12 
58+ .13 
83+ .11 
34+ .10 
. 200+ .13 
00+ .15 
. 12% .17 
02+ .13 
852 .12 
6 

LF 

.6 

.6 








Location 


> Sr*/mi? 





Williston : ished | 0 to 2 inches___.__- 
2 to 6 inches___-.--} 
0 to 2 inches_.....- 

d 2 to 6 inches 
Mandan, west edge of ef baie 0 to 2 inches 
d 


Mandan, west of........--- 
Do 
Amold ‘ 
Mandan (10 miles south of, level ground) _._.....--- 
Mandan (10 miles south of, depression 4 feet 15 
inches 
Bismarck - 
Do 


13. 50. 

1. 4+0. 
39. 8+0. 

1. 80. 
22. 9-0. 
34. 1+0. 
41. 140. 
39. 1+0. 
47.4+0. 
23. 4+0 
38. 10. 


AN Ae OOS 


26. 80. ¢ 
25. 2+0. 


TABLE 2.— AEC health and safety laboratory analyses—August 1958 wheat crop 


FARGO, N. DAK. (NORTH DAKOTA AGRICULTURAL COLLEGE, G. SMITH) 


HASL No. Type 


uuc 


Sr®/kg 


sample 





Wheat 


MANDAN, N. DAK. (AGRICULTURAL 


|} Flour, 2d clear ! 


..| Flour, patent 
| Feed midlings 





' Blind duplicate. 
? Hard, Red Spring, 1958 crop. 
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APPENDIX E 
May 11, 1959. 
To: Files. ae 5 
From: John H. Harley, director, Analytical Division, Health and Safety Lab- 
oratory. 
Subject: Dietary strontium 90 estimates for the United States. 
Symbol: HSA :JHH :krw 


During the congressional hearings on fallout from weapons tests before the 
Joint Committee on Atomic Energy, estimates of the dietary strontium 90 were 
used in predicting the future content of human bone. The attached material 
was prepared as background for the hearings but was not used. It is detailed 
here as a matter of record. 


DIETARY STRONTIUM 90 ESTIMATES 


Valid diet studies for large population groups are not generally available, and 
the main approach in the past has been to divide gross national product of 
certain foods to obtain per capita consumption. 

The broadest recent sampling of diet in this country was reported in 1955 by 
the U.S. Department of Agriculture. This report has been made the basis of 
an estimate of total dietary strontium 90 during 1958. 

Since the USDA summary is reported in terms of households, it was necessary 
first to compute the average household size to determine the number of indi- 
viduals involved. Data for the 4,544 households sampled are summarized in 
table 1, and the average size was found to be 3.3. 

One set of data reported is the daily individual calcium intake. This infor- 
mation is summarized in table 2, and shows a mean intake of about 1.02 grams 
per day, or 370 grams per year. 

The diet statistics for major food groups are given in table 3. The annual 
intake has been computed and rounded to the nearest kilogram for most foods. 
In addition, comparison is made with one of the previous dietary studies based 
on gross national product divided by population. 

A breakdown of the cereal products and bakery products is given in table 4. 
This indicates that the origin of about 80 percent of this material is white flour. 

The general sparsity of strontium 90 data on nonmilk foods requires that total 
diet estimates be made by grouping diet into five categories: Milk products, 
cereal products, meat, potatoes, and fruits and vegetables. Summaries of data 
on these groupings are given in tables 5 to 7. 

Tables 8 and 9 summarize the estimates of strontium 90 in the mean diet and 
a hypothetical hotspot diet for 1958 in the United States. It may be noted 
that even the hotspot diet might not represent the maximum possible short term 
individual diet. On the other hand, these 1958 values represent a level higher 
than any conceivable diet for any several year period. 

The mean 1958 U.S. estimate is 15.2 S.U. and the extreme hotspot estimate 
is318.U. For 1957, Kulp’ estimated 6.5 S.U. 

In the light of present knowledge, bone laid down from a diet with a specific 
strontium 90 to calcium ratio would show a ratio one-quarter that of the diet. 
It should be noted that use of the accepted ratio of one-half for a milk diet 
would produce a bone value close to that estimated from the mean diet. For 
the average diet, the expected bone level would be 15.2/4=3.8 S.U. and for the 
milk diet it would be 8/2=4.0 S.U. 

It is possible to express the data of table 8 in terms of the units used by 
the ICRP. This has been done in table 10 and gives an overall diet concentra- 
tion of 8X10° microcuries per cc (or gram). Assuming equivalence of the 
ICRP recommendations for intake for populations (3310~ microcuries per cc) 
and the body burden (0.066 microcuries), the estimate of resulting body burden 
would be 0.016 microcuries. 

This estimate would correspond to a 16 S.U. bone level, rather than the level 
of less than 4 S.U. estimated from diet. It is unfortunate that these estimates 
are not in better agreement. The weight of experimental evidence would tend 
to confirm the lower bone value. 


> U. S. Department of Agriculture, ‘Household Food Consumption Survey, 1055.” 
Kulp, J. L., and Slakter, R., Science 128, 85-86 (1958). 
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SUMMARY AND CONSIDERATIONS 


1. It is necessary to consider all the components of the diet for estimating 
the possible bone level. The estimate based on the mean 1958 diet is 3.8 -8.U. 

2. Such estimates of bone levels are based on observed discrimination factors 
for Sr/Ca. Estimates made in this way are not in agreement with those for 
equivalent ICRP recommendations for intake and body burden. 

3. The range between mean and hotspot conditions is small. Also, the sus- 
tained high levels of diet necessary to produce elevated bone levels are not 
consistent with the hotspot concept. 

4. Individual peaks from diet pecularities may not be predicted with cer- 
tainty. 

5. Predicted bone levels are at best only valid for bone laid down during the 
period of intake of the particular diet. There are no data on the effect of 
changing diet levels, but the mean diet level should be a reasonable approxi- 
mation. 

TABLE 1.—Sample population data 


Household size Number of Number of 
households | individuals 


369 

, 276 

962 

896 

537 

264 

7 or more ; 240 


4, 544 


~an of 8 per household used for this group. 


TABLE 2.—I/ ndividual daily calcium intake in grams 


Range of intake Percent in Mean intake Weighted 
range for range ! total 


<0.40 : 0. 30 0. 009 
40 to .59 : 50 045 
60 to .79 70 119 
80 to .99 ; 90 . 198 
1.00 to 1.39 : é 1.20 . 360 
>1.40 1. 50 285 
1.016 





Estimated for the 2 extreme ranges. 


TABLE 3.—Diet statistics, food type 


Weekly intake per Annual intake per 
household person Apparent per 
— capita con- 
sumption ! 


Food type 


Quantity) Measure (| Quantity Measure 


81 | Quarts 233 | Quarts-. 

97 | Pounds 21 | Kilograms 
87 Mins : .do_. 

70 .do-. .do_. 

77 A i .do_. 

04 | Dozen. 

15 | Pounds. 

23 .do. 

86 .do.. 

52 .do 


Milk equivalent 

Fats and oils 

Cereal products 

Bakery products 

Meat, poultry, fish_- 

Eggs 2 

Sugar, etc 

Potatoes 

Fresh vegetables. 

Fresh fruits 

Frozen fruits and vegetables. 56 .do 

Canned fruits and vegetables... 09 |.....do 

Juices. _. ; 3. 50 | .do.... 

Dried fruits and vegetables 0. 61 en. 
| | 


_ — 
Sot 


CR OCHA eww 


! Statistical Abstract of the United States, U.S. Department of Commerce, H. Doc. 320 (1954). 
NotTe.—Average daily intake: 1.31 kilograms food (other than milk and eggs), 0.64 quart milk, 0.9 egg. 
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TABLE 4. 


Cereal products 
Flour 
Mixes. . 
Cereals 
Rice 
Corn 
Macaroni 
Other : 
Bakery products 
White bread 
Whole wheat bread 
Other bread 
Other products 


Total 


New York City 
USPHS network 
United Kingdom 
Canada 


TaBLe 6.—Strontium 90 levels in cereal products 


Minnesota wheat 

Germany: Grains 

United Kingdom: 
National flour ! 
Cereals 


FALLOUT 


FROM NUCLEAR WEAPONS TESTS 


—Diet statistics, cereals and bakery products 


Weekly 
| intake per 
| household 


Annual 
intake per 
individual 


Description 


Pounds Kilograms 
2. 66 19. 

69 

82 

. 30 

. 92 

42 

14 


3. 98 

31 

42 
99 | 


TABLE 5.—Strontium 90 levels in milk 


Mean upc Sr°/g. Ca 
Location 


1957 1958 





Mean puc Sr%/kg. 
Location 


1957 1958 





Other data: 
U.S. wheat 
U.S. white flour 
U.S. weighted mean.-.- 
United Kingdom flour ! 


Fortified with inorganic 


Kulp: ! 
Leafy vegetables 
Potatoes 

Germany: 
Vegetables 
Potatoes 

United Kingdom: 
Vegetables 


TABLE 7.—Strontium 90 levels in vegetables 


400 mg. Ca/kg. 

160 mg. Ca/kg. 

~200 mg. Ca/kg. cereal products. 
1,550 mg. Ca/Kg. 


calcium. 


Mean uuc kg 
Description 


1957 





Kulp, J. L., loc. cit. 





NoTE.—Other data: Assuming mean ash content to be 1 percent of edible weight to reduce data to com- 


mon form: Leafy vegetables show 750 mg. Ca/kg.; potatoes show 500 mg. Ca/kg. 


1E 
:T 
here ¢ 
units 


r 


Milk 
Cere: 
Meat 
Pota 
Fruit 





com- 
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TABLE 8.—Estimated dietary strontium 90 contributions, 1958 mean 


Type of food Annual puc Sri? | Total wue | Grams cal Total 
per unit Srv | per unit | grams Ca 


quantity 


| 

Milk products- ---_- caine a quarts | 233 Ss , 860 
Cereal products. ae 4 : --kilograms__| 90 2, 250 
Meat, etc. - - batab toad 9s 100 
Potatoes ciate 45 > | 270 
Fruits and vegetables | 193 | , 160 





Total... Seals 5, 640 | 





1 Estimated as 4 of 1958 wheat. 

? This value is in disagreement with the 370 reported in table 2. This is probably due to an overestimate 
here of the calcium content for fruits and vegetables. 370 grams will be used in calculating dietary strontium 
units 


TABLE 9.—Dietary strontium 90 contributions, hypothetical 1958 hot spot 


Type of food Annual wuc Sr per | Total wuc 
quantity Srv 


Milk products quarts 
Cereal products kilograms 
Meat, ete j ..do 
Potatoes do... 
Fruits and vegetables do 


Total 


Highest mean 1958 level for milk. 
? Based on maximum wheat values. 
1 No hot spot data. 
‘ Based on cumulative Sr® deposition. 
‘ Based on rate of Sr* deposition. 


Note.—This is an extremely unlikely combination of circumstances, where the maximum known sus- 
tained values are combined in 1 diet. 


TABLE 10.—Mean 1958 dietary strontium 90 contributions, ICRP units 


Type of food Annual | ye Sr” per | Total se Sr® 
| quantity | unit 


peorclcdarhaehttldi c tins dct aeingtlddeeliall tlhe tethehsalak haciieinall intial 


Milk products cubic centimeters__| 220, 000 0. 0085 X 10-* 1, 860 X 10-* 
Cereal products _- grams 90,000 | .025010-* 2. 250 10-* 
Meat, ete desis i Gad.<. 98, 000 .001X10-* | 100X 10-6 
Potatoes : ; , : = do 45, 000 . 006 X 10-4 270X10-* 
Fruits and vegetables oa y do 193, 000 | 006 X10-* | 1, 160 10-* 
Other foods ! [ do / 65, 000 | Saba 


Total : 2 711, 000 5, 640 x 10-* 





Fats, oils, sugar, etc. 
? Cubic centimeters or grams 


UNIVERSITY OF PENNSYLVANIA, 
DEPARTMENT OF PHYSICS, 
Philadelphia, May 12, 1959. 
Hon. CuHe®r HOoLiFiep, 
Joint Committee on Atomic Energy, 
Washington, D.C. 


DeaAR Mr. Ho.iFie_p: Although the hearings held by your committee last week 
originally promised to clarify a number of problems for the Congress and the 
public, it is unfortunate that some of the most important problems did not receive 
as clear or definitive a discussion as was hoped. I believe I am not alone, among 
the members of the panel which sat before the committee to discuss “Status and 
Implications of Testing,” in feeling that several of the most acute problems 
before the committee were completely passed over in the protracted discussion 
of matters less directly relevant to the purpose of the hearing; and I should like 
to submit for the record of the hearings the following remarks on some of these 
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problems—especially, on hot spots, on the meaningfulness of the MPC, on who 
should set the “permissible” level for fallout, and on whether there are methods 
known whereby large nuclear explosions can be carried out without appreciable 
fallout. 

(1) The problem of “hot spots” in fallout—In the report which the above- 
mentioned panel prepared for the committee, it was explicitly noted that only 
average levels of fallout were discussed quantitatively, and that these averages 
made no allowance for local variations in fallout, etc. Now I want to say that 
I think there are no large groups of people in urgent danger at present. But I 
wish to make remarks on two points. 

(a) People exposed to the higher “hot spot” fallout levels should be given 
as clear as possible a statement as to just what the extent of the hazard is. 

(b) It is the “hot spot” levels rather than broader average levels which should 
determine the “worry point” for fallout. 

I should like to expand on this matter. First, it is worthwhile to note the 
levels of strontium 90 which are presently encountered by various groups. This 
is a slightly complicated problem, and so I shall list a few of the steps in the 
process of estimating these levels. 

The best means of estimating the bone levels of strontium 90 which will occur 
in humans seems at present to be: Calculate the level in the diet, in “strontium 
units” (1 strontium unit equals 1 micromicrocurie of strontium 90 per gram of 
calcium), and divide by 4 to obtain the corresponding bone level produced. 
The average U.S. diet in 1958 contained about 13 strontium units. Correspond- 
ingly that diet would produce a bone level of about 3.5 strontium units. (When 
the present stratospheric store of strontium 90 from past tests has all come down, 
these diets and bone levels would be increased about twofold. This corresponds 
roughly to the estimate given in the report of the Fallout Prediction Panel.) 

I estimate that for the “hot spot” regions in the north central part of the 
United States, diet and bone levels three to four times the U.S. average can be 
expected. 

This estimate is arrived at in the following way: From the report prepared 
by the AEC’s Health and Safety Laboratory, giving data on the strontium 
90 content of some foods during 1958, one finds that strontium 90 levels in wheat 
products in the “hot spot” area can be expected to run 100 to 200 micromicro- 
curies of strontium 90 per kilogram of weight. These levels, as the HASL report 
notes, were found in bread and wheat purchased in New York City in February 
1959. If a person ate nothing but bread as his diet, then since the average diet 
contains somewhat over 2 kilograms per day the strontium 90 level would be 
perhaps 200 to 500 micromicrocuries per day. But this does not necessarily mean 
200 to 500 strontium units. In order to estimate the strontium unit level it is 
necessary to know not only the strontium 90 intake but also the calcium intake. 
Rather than trying to estimate these values for the artificial assumption of a 
diet of wheat products alone, it is better to consider a more typical diet. The 
typical U.S. diet apparently includes about one-fourth kilogram of wheat products 
per day, and about 1.2 grams of calcium per day. From these figures one finds 
that the total strontium 90 intake at 1958 “hot spot” levels would consist of 
about 25 to 50 micromicrocuries of strontium 90 from wheat products, plus 
additional strontium 90 from other sources. If there were no strontium 90 from 
other sources than the wheat products then the strontium unit level in the diet 
would be obtained by dividing 25 to 50 micromicrocuries of strontium 90 by 1.2 
grams of calcium; this gives 20 to 40 strontium units in the diet. When one adds 
the additional strontium 90 to be expected from other foods, one obtains an esti- 
mated strontium unit level in diet in the northern U.S. “hot spot” area, of 40 to 60 
strontium units. The corresponding bone level that would be produced, in this 
“hot spot” area would be 10 to 15 strontium units. 

Thus, for the strontium 90 levels which have been found to exist in foods in 
1958, one estimates corresponding bone levels of about 3.5 strontium units 
average Over the United States, and 10 to 15 strontium units in the north central 
hotspot area. 

Even if there are no further tests these levels can be expected to increase. 
The average level in the United States can be expected to rise to a peak of 6 
or 7 strontium units in bone. The bone levels in the north central hotspot area 
may also rise somewhat, but in this case it is more difficult to estimate how 
much because we do not as yet have sufficient information on the exact reasons 
for the high strontium 90 levels in wheat and milk in that area. It is probably 
reasonable to estimate that the peak bone levels which will occur in appre- 
ciable numbers of people who eat food principally coming from “hot” regions 
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will be 10 to 20 strontium units, if no further atmospheric contamination is 
produced. 7 . : : a a ; 

Bone levels of 10 to 20 strontium units, while not, in my opinion, constituting 
a great hazard, will produce additional radiation in the bones of approximately 
25 to 50 percent of the average natural background dose rate. (The radiation 
level in the bone marrow produced by this strontium 90 level will probably be 
less—perhaps only 10 to 30 percent of natural background.) It is not sufficient, 
of course, to describe fallout levels only in terms of the averages, which for 
human bone in the United States will reach of the order of 10 percent of natural 
background as a result of past tests. It is in fact true that in hotspot areas 
in this country, and similarly in hotspot areas elsewhere, fallout from past tests 
will produce peak radiation doses to the bone which will be a considerably 
larger fraction of the background dose. It should be noted that in the Far 
East, where cereals constitute a larger fraction of the diet than is true for the 
United States, “hotspot” bone levels can be expected which for quite large 
numbers of people may be comparable to the levels produced from “hot” areas 
in the United States; that is, past tests may result in peak bone dose rates of 
the order of 25 to 50 percent above the dose rate from natural background. 

It is necessary to repeat at this point that even levels as high as 25 to 50 
percent of natural background cannot be regarded as constituting a grave 
danger. Nevertheless, such levels, it seems to me, are high enough that serious 
weight should be given to the fallout problem in considering the continuation 
of nuclear explosions which can add additional contamination to the atmosphere. 

(2) The meaningfulness of the marimum permissible level concept for fall- 
out.—I believe that one of the very most important results that should come 
from these fallout hearings is the realization, on the part of both Congress and 
the public, that no group of scientists can set a “permissible level” for fallout. 
Groups of scientists, even those especially concerned with radiation hazards, 
such as the ICRP, cannot properly carry out the task of weighing the damage 
produced by fallout against the arguments for continuing development of nu- 
clear weapons. The decision as to what fallout level is acceptable must be 
made (in this country) by Congress itself; and in this decision the Joint Com- 
mittee on Atomic Energy must take the major responsibility. 

I cannot stress this point too strongly. I do not mean to suggest that fallout 
effects constitute the strongest reason for trying to achieve a nuclear test 
cessation. But I do not think that Congress can ask scientists to tell it what 
is an acceptable level of fallout. The responsibility lies with the Members of 
Congress themselves. 

(3) The question whether there are methods known whereby large nuclear 
efplosions can be carried out without appreciable fallout—On this subject I 
wish to give particular attention to two points. 

(a) The misleading implication that explosions above 30 miles would not 
produce appreciable fallout, carried by the recent proposal of the United States 
for a “fist phase” cessation of atmospheric test. 

(b) The possible usefulness of certain proposals advanced by Dr. Libby in 
his statement at the hearing, on methods of testing without appreciable fallout. 

As for the fallout to be expected from explosions above 30 miles: As I sug- 
gested at the hearings, and as Dr. Libby agreed, there is no good reason to be- 
lieve that long-lived fallout will be appreciably less for explosions somewhat 
above 30 miles than for explosions much closer to the earth’s surface. There 
is in fact reason to believe that even explosions carried out several hundred 
miles above the earth might deliver 50 to 100 percent of the long-lived fallout 
down onto the surface of the earth. 

_ This whole matter is of especial importance because the objection of the 
( S.S.R, to this 30-mile proposal has been attacked by the U.S. press as indicat- 
ing dishonesty by Russia regarding fallout danger, whereas in fact the U.S. 
proposal was phrased in terms which encouraged incorrect and self-deceiving 
interpretation in the United States. 

_ The evaluation of the dangers of fallout, and proper weighing of fallout effects 
in making decisions on nuclear weapons testing, is a complex matter at best. 
It is very unfortunate when official statements connected with fallout are put in 
a way which is very likely to create misunderstanding. 

_As for possible methods of testing large weapons without producing appre- 
ciable fallout, I should like to coment on some of the possibilities suggested by 
Dr. Libby. First, it was unfortunate that the question whether large weapons 
can be exploded underground without danger from the radioactive products was 
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essentially not discussed at the hearings. When the hearings were being 
planned, we all hoped that this subject would be explored in the hearings. 

As for Dr. Libby’s suggestion that it may be possible to contain fallout par- 
ticles in the case of a large surface explosion by using perhaps several hundred 
tons of sand as a fallout-particle absorber, this seems to me impractical. The 
energy from a 10-megaton bomb, for example, is sufficient to vaporize millions of 
tons of material. 

As for testing of nuclear weapons at great distances from the earth, it does 
indeed appear that this could be done without appreciable fallout. If the need 
tor continuing explosions of large weapons were considered compelling enough, 
this method could in all probability be used in spite of the practical difficulties, 

I hope that in the final deliberations of the committee these matters will re 
ceive more attention than was possible at the hearings. 

It is of the greatest importance that the available facts on fallout be made 
publicly and clearly available. Only in this way will me Government be able 
to make proper decisions as to future policy. The hearings held by your com- 
mittee have been the only means whereby the facts on fallout can be clearly 
brought out, and I should like to convey to you the appreciation felt by many 
scientists for the work of this committee. 

Very sincerely yours, 
WALTER SELOVE. 


UNIVERSITY OF PENNSYLVANIA, 
Philadelphia, October 14, 1959. 
Mr. JAMES T. RAMEY, 
Executive Director, Joint Committee on Atomic Energy, 
The Capitol, Washington, D.C. 


DEAR Mr. RAMEY: I am enclosing a copy of my May 27 letter with certain 
sections indicated which I should like to submit for inclusion in the record. 
Also, as we discussed, if you include the May 12, letter please delete items 2 and 
3 from it, as I have discussed them elsewhere. 

Sincerely, 
WALTER SELOVE. 


May 27, 1959. 
Congressman CHET HOLIFIELD, 
House Office Building, 
Washington, D.C. 


DEAR Mr. HOLiFIeELD: Thank you for your letter of May 14. I am sorry not 
to have been able to answer earlier, due to a most crowded schedule. 

I was very interested in your comment that it might be possible to have some 
additional hearings at a convenient time in the future on the subject of fallout 
from nuclear tests. I think this would be very worthwhile because the hearings 
this May were to crowded for time to provide sufficient discussion of a number of 
important points. 

In reply to your letter, I should like to mention a few points which occurred 
to me as calling for further discussion before your committee. 


1. Hot spots in North Central United States, and high strontium 90 levels in 
grain 

A number of points deserve attention here. What is known about the cause 
of the high strontium levels in Minnesota and North Dakota wheat. Have these 
been unusually high because of a high rate of fallout? (It is impressive to note 
that the fallout in a part of North Dakota on a single day in 1957 was 22 ine./mi.2— 
this was about equal to the total accumulation average over the United States 
at that time.) If the high grain levels have indeed been due mostly to the high 
rate of fallout, then it can be expected that if tests stop, these levels in grain will 
drop sharply. On the other hand if the high grain levels are found to be 
associated with low calcium content in the soil then grain from the “hotspot” 
areas will continue to show high strontium 90 levels for some time even after 
no further test explosions occur. It might be useful to request testimony on this 
subject from Dr. Maurice Visscher, as well as others. 


2. Permissible dose for large populations 


It would be worth while having further discussion of the factors behind the 
recent action of the National Committee on Radiation Protection, in which 
the permissible strontium 90 level for occupational exposure was doubled. How 
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does the new recommendation compare with recommendations of the Interna- 
tional Commission on Radiological Protection? (This subject may have been 
discussed in the hearings but I did not observe it.) The new higher level recom- 
mended by NCRP produced the inference by the general public, of course, that 
strontium 90 is less dangerous to the general public than had been previously 
thought. It should be made clear that there is virtually no connection between 
the recommended occupational permissible level and the effects of much lower 
doses on a large population. Does the NCRP plan to issue any recommendation 
as to permissible strontium 90 dose for a large population? And, if so, how does 
that recommendation compare with the one by the ICRP? 

What about the problem of nonuniform deposition of strontium 90 in bone” 
I have seen reports of a Swedish work suggesting that because of great non- 
uniformity of deposition the “permissible level” for strontium 90 should be very 
much lower. It would be useful to have expert testimony discussing this point. 


5. Summary discussion evaluating the seriousness effects from test fallout 


It was my hope and expectation that the panel discussion on the last day of 
the hearings would give considerable attention to the evaluation of the effects of 
test fallout. Unfortunately, because of all the time that was occupied with the 
question of testing bombs in outer space, this problem of evaluation was never 
taken up. As you know, I feel particularly strongly that no group of scientists 
can properly be given the responsibility of specifying a “permissible level’ for 
fallout. I also believe that the fallout levels from past tests are sufficiently high— 
as high as 25 to 50 percent of natural background, over extended areas—that 
quite serious weight must be given to the fallout problem in making decisions on 
further explosions of large nuclear devices. 

I hope these comments will be of some use. I have the greatest respect for the 
approach you have taken on the fallout problem, in trying first of all to bring out 
all the facts. I believe that with a small amount of additional public discussion 
of fallout problems before your committee a great improvement in public under- 
standing of this complicated subject can result. 

Sincerely yours, 
W. SELOVE. 


UNIVERSITY OF PENNSYLVANIA, 
DEPARTMENT OF PHYSICS, 
Philadelphia, September 21, 1599. 
Mr. JAMES T. RAMEY, 
Ezecutive Director, Joint Committee on Atomte Pnergy, 
The Capitol, Washington, D.C. 


DeaR Mr. RAMEY: I have looked through the recent material on the hotspot 
problem that you kindly made available to me. As per our recent telephone 
conversation, I am sending the enclosed comments for possible inclusion in the 
record of the hearings on fallout from tests. If this material reaches you in 
time for inclusion, I should like to request that you also include a copy of my 
letter which was printed in the Washington Post on September 7, that letter also 
contains remarks relevant to the hotspot problem. 

Sincerely yours, 
WALTER SELOVE. 


FURTHER COMMENTS ESPECIALLY CONCERNING THE HoTsporT PROBLEM 


1. Although a very comprehensive program of fallout measurement and evalua- 
tion has been initiated and pursued by the AEC, it is still difficult to separate out 
very much information on certain detailed aspects of the hotspot problem. For 
example, one would like to know how extensive an area was affected by the 
North Dakota fallout of July 16, 1957, reported by Dr. E. W. Pfeiffer in which 
the Sr” fallout density occurring in a single day equaled the total accumulated 
up to that time over the northern part of the United States. 

2. It deserves emphasis that it is not only the total accumulation of fallout in 
an area which determines the hotspot nature, but also the manner in which the 
fallout is concentrated in time. This can be seen, for example, from the fact 
that although the total Sr” accumulation to date in the Minnesota-Dakota area 
is not sharply higher than that at other points of corresponding latitude in the 
United States, nevertheless relatively large transient increases in Sr” levels in 
milk and wheat from this area were observed, especially in 1957. 
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When a particularly heavy fallout occurs shortly before harvest of a crop, that 
crop may correspondingly show unusually high contamination (from fallout 
material deposited directly on the plant surfaces). An important point here is 
that this unusually high contamination may then subsequently make its effects 
felt for a long period, if that crop provides food for many months. It should be 
noted that a persistence effect of this land appeared in some U.S. wheat in the 
period following the 1957 harvest. It should be further noted that this is not 
the first time such a concentrated effect with a persistence nature has occurred; 
other examples are reported in the 1958 report of the United Nations Radiation 
Committee. A particularly prominent example is that of the rice crop in Japan 
in 1956. There the Sr” content of rice averaged 50 to 150 strontium units. 
This rice, which thus contained more than 10 times the Sr” concentration in U.S. 
food, then constituted a major source of Japanese dietary calcium for many 
months, for the entire Japanese people. 

3. It is important to point out, as is done in the report accompanying Gen- 
eral Luedecke’s July 24 letter, that if no further test explosions take place, 
then areas which have been particularly prominent as hotspot areas will prob- 
ably not give rise to grave health hazards over the long term. This is so be 
cause the total accumulated fallout even in areas such as the Minnesota-Dakota 
area is not spectacularly higher than in other regions of similar latitude. 

At the same time, it should -be realized that if further tests giving large 
amounts of fallout occur, then recurring hotspot effects are to be expected. 

4. Evaluation of the seriousness of hotspot effects takes us out of the 
realm of strictly scientific discussion. With this word of caution, that one 
cannot claim to evaluate seriousness of fallout effects on purely scientific 
grounds, I should like to comment further. 

Much attention has been drawn to the observation of Dr. E. B. Lewis 
that ‘‘on the linear hypothesis it is the average dose over the entire popula- 
tion * * * which is important and local hotspots do not then have the alarm- 
ing significance that is often attributed to them * * *.” This would be true, 
on a statistical basis, if the population exposed to hotspot levels were limited 
to the local population in the hotspot areas. This kind of limited exposure is 
true for the case of a hotspot effect involving a short-lived isotope, such as the 
I™ which Dr. Lewis was primarily discussing. For a long-lived isotope such 
as Sr”, however, the situation can be quite different. As I have tried to point 
out above, the effects of hotspot fallout can be, and have been, delivered to a 
much larger population than just the local population of the area. 

A particularly heavy fallout affecting an applicable part of a major crop 
can affect very much larger numbers of people than those living in the relatively 
small region of the heavy fallout. 

5. The impact on people of hotspot levels in food may be expected to be 
considerably larger than would be true if equivalent total fallout effects were 
distributed completely uniformly. I should like to discuss this in terms of 
my own personal reaction to present information on hotspot fallout levels. I 
am reluctant to bring in such a closely personal evaluation, and I do so only 
because I do not know of any better way to illustrate a point which calls for 
understanding. 

AEC data reported during the hearings indicated that some wheat and 
bread purchased off the shelf in New York City contained quite high Sr” 
levels. Clearly, one can expect to encounter these unusually high levels, in 
some food, anywhere in the country, even though only limited areas received 
hotspot fallout. 

Now whole wheat bread and flour was particularly high. It happens that 
whole wheat bread is my favorite bread. When I saw the levels that have 
been found in some samples, I asked myself whether they were high enough 
to cause me to avoid whole wheat bread. 

My answer is the following. Present information indicates that if no fur- 
ther fallout material is released into the atmosphere, then Sr®™ levels in 
cereal products will drop off from the peak levels so far encountered. In this 
case, I would not consider the Sr” in whole wheat to be an undue hazard. 
If explosions producing appreciable fallout were to again take place, however, 
I would want to keep a close eye on Sr®™ levels in food; and if high peak (not 
average) levels in whole wheat continued to occur, as I would expect would 
be true, then I would probably, with some reluctance, cut down my consump- 
tion of this food. 
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I must stress that this is a very personal evaluation. Other persons, study- 
ing the same data, might reach a quite different evaluation. 

The point I wish to make is that the peak levels of fallout in food may be 
expected to have a major impact on people, and not just the average levels. 
This is likely to be true if the peak levels are distributed in such a way as to 
be possibly encountered by anyone in a large population. 

This point is independent of the fact that for circumstances such as occurred 
in Japan in 1956, very large numbers of people may in fact be exposed to un- 
usually high fallout levels as a result of a hotspot type of fallout. 

6. The problem of who should set a “permissible level” for fallout is a major 
one. I have discussed this briefly in a letter which appears elsewhere, em- 
phasizing that no scientific group can properly be expected to make very specific 
recommendations on this matter. In that letter I also give my own evaluation, 
with brief elaboration, that any appreciable further addition to present fallout 
levels would be legitimate cause for concern by very large numbers of people. 
It is clear that again such an evaluation is a very personal matter. 

But one point here cannot be emphasized too strongly. That is, that ICRP 
or NCRP recommendations as to “acceptable levels” of radiation cannot prop- 
erly be taken to apply to fallout, in any simple way. It appears to me that 
weighing of fallout effects from tests must be done on the basis of some kind of 
“worry level”. It is likely that each individual studying the problem will reach 
a different conclusion as to what the worry level is. My own choice would be 
some not-large fraction of “natural background” dose rate—say 20 percent. 
Now past tests already will give Sr” doses to human bone which will be at such 
a level for hundreds of millions of people. This is the basis for my conclusion 
that fallout levels from past tests are at about the worry point on a worldwide 
basis. 

But the problem of deciding on the worry level for fallout is a problem of 
political decisions. In this country the appropriate body to make decisions re- 
garding “acceptable” levels of fallout from nuclear tests is the Congress; and 
because of the complex technical data involved, the major responsibility for 
proper congressional decisions rests, I respectfully submit, on the Joint Com- 
mittee on Atomic Energy. 


[From the Washington Post and Times Herald, Sept. 7, 1959] 
WEIGHING FaLitout RISKS 


Again this year, as in 1957, the congressional Joint Committee on Atomic 
Energy has tried to bring out the facts on nuclear fallout. As the committee has 
noted in its summary report, the evaluation of the effects of fallout from tests 
is very difficult, because of many uncertainties. 

The fallout prediction in which I participated for the May hearings, on fallout 
from tests, reported numerical estimates of radiation dose which might be 
expected to result from past tests or the equivalent in future tests. This report 
did not attempt an evaluation of the seriousness or “permissibility” of the 
fallout levels discussed. Full discussion of these questions during the hearings 
was hoped for. But unfortunately there was not sufficient time. 

I believe that study of the information brought out at the congressional hearings 
leads to two important conclusions. First, that any appreciable further addition 
to present fallout levels .would be legitimate cause for concern by very large 
numbers of people—tens or hundreds of millions, both in the testing countries 
and throughout the rest of the world. 

Second, that no “permissible” level for fallout can be drawn directly from 
recommendations of scientific groups; the decision as to whether any given 
amount of further fallout is tolerable must be made by the governments 
involved—in this country, the primary responsibility devolves on the Joint 
Committee on Atomic Energy. 

I should like to give briefly some of the basis for the first conclusion. The 
strontium 90 intake in the average U.S. diet now contains appreciable contribu- 
tions from foods other than milk. In fact, in 1958 more strontium 90 came from 
cereal products alone than from milk. This was true in spite of the fact that 
the average U.S. diet contains several times as much milk as cereal products, 
by weight; cereal products, however, had a several-times higher concentration 
of strontium 90 per pound. 
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For persons eating unusually large amounts of unusually radioactive food, 
therefore, bone levels of strontium 90 could be many times the U.S. average. If 
tests giving appreciable fallout are continued, exposure to unusually high fall- 
out levels can be expected for large numbers of persons in the United States and 
for much larger numbers of persons—hundreds of millions—over the whole 
world. 

I should make it clear that I do not believe fallout levels existing and ex- 
pected from past tests constitute a grave hazard. But I do believe they are 
close to the point at which large numbers of people can be expected to be legiti- 
mately concerned about appreciable further fallout. 

As to the question, “What constitutes a permissible or tolerable dose?’ no 
scientific group can properly be expected to make very specific recommenda- 
tions in the case of fallout. The problem is that whereas in the case of medical 
X-ray exposure, or industrial processes releasing radioactive material as a side 
effect, benefits can be weighed against deleterious effects, such a weighing cannot 
be done by scientists in the case of fallout. 

It is useful to consider, for example, the numbers of people who might be in- 
jured by fallout if the very tentative recommendations of the National Conm- 
mittee on Radiation Protection for permissible exposure of large populations 
were to be applied in the case of fallout. The NCRP has tentatively recon- 
mended the continued use of a tenfold reduction factor to convert from occupa- 
tional permissible levels to large-population permissible levels. If this procedure 
were to be applied in the case of strontium 90, one would obtain a 200-strontium- 
unit level as a large-population permissible dose. 

Now 200 strontium units in the bones corresponds to a dose rate several times 
as high as the “natural background” dose rate. If natural background produces 
some 10 percent of leukemia and bone cancer cases (this is about the most 
pessimistic assumption that one can make, on the basis of present data), then 
a 200 strontium unit level might produce up to a 50-percent increase in these 
diseases. It seems very unlikely that a 50-percent increase would be considered 
acceptable by even the U.S. population. And it must be constantly kept in mind 
that hundreds of millions of people in the rest of the world receive more fallout 
exposure than the U.S. population. 

It is clear therefore that one cannot easily apply a simple procedure such as 
a tenfold, or a thirtyfold, reduction factor from “occupational permissible 
levels,” to obtain a meaningful ‘“‘tolerable level” for fallout. The problem is one 
of political decisions. In this country the appropriate body to make decisions re 
garding acceptable levels of fallout from nuclear tests is the Congress; and be- 
cause of the complex technical data involved, the major responsibility for proper 
congressional decisions rests with the Joint Committee on Atomic Energy 


W. SELOVE, 
University of Pennsylvania. 
PHILADELPHIA. 


(The writer is past chairman of the Radiation Hazards Committee of the 
Federation of American Scientists. He was a member of an advisory planning 
panel for the recent congressional hearing on fallout from nuclear tests.) 


STATEMENT TO THE SUBCOMMITTEE ON FALLOUT PROBLEMS OF THE JOINT 
CONGRESSIONAL COMMITTEE ON ATOMIC ENERGY 


(By Maurice B. Visscher, Ph. D., M.D., professor of physiology, University of 
Minnesota, chairman, Subcommittee on Biological Effects, Minnesota Gover- 
nor’s Committee on Atomic Energy Development Problems, May 4, 1959) 


GENERAL SUMMARY 


1. The setting of a maximum permissible dose standard for Sr” in food 
without reference to either water content or to calcium content, as has just been 
done by the National Committee on Radiation Protection, leads to absurdities 
which make the standard meaningless under certain circumstances. 

2. The raising of the maximum permissible body burden for Sr” by the Com- 
mittee operating under the auspices of the Department of Commerce seems to 
be astoundingly brash for two reasons: First, because the facts regarding hu- 
man damage from low doses of Sr” will not be known for another 10 or 20 
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years, since the induction period for carcinogenesis is that long; and second, 
because other serious students of the problem have recently given strong evi- 
dence that the permissible body burden should be lowerd considerably. 

3. More systematic studies of radionuclide content of all plant and animal 
food sources should be made promptly. More attention should also be paid to 
studies of the physiological control of levels of radionuclides in plant and 
animal metabolism. 

4. Practical measures for removal of radionuclides from important food sources 
such as milk should be developed immediately. The principles for such removal 
are known. Only practical, large-scale processes need to be developed. Milk 
purification may be needed within a few years. If present maximum levels 
double, the hazard will be too great to accept. 

5. The AEC has operated under the handicap of not having a biologist or 
medical scientist in its policymaking commission. If the AEC is to continue 
to have responsibility for health and biological protection, there should be such 
scientists appointed to the Commission. 


I. Fallacies in the marimum permissible concentration 


In principle, a maximum permissible concentration of a noxious agent im- 
plies that below a certain concentration it is harmless, and that damaging 
effects are detectable at a threshold level. Furthermore, in the case of an agent 
that is stored in the body, it is assumed that one knows the stored dose which 
will cause damage, and the factors controlling its storage. 

In the case of Sr”, the National Committee on Radiation Protection has just 
announced a doubling of the stored dose which it considered to be a safe dose. 
This decision was taken within a few months after it became known that Sr” 
levels in foods had risen sharply as a result of Russian and American bomb 
testing. There may be nothing but a coincidence in this relationship. 

However, it is of some interest that recent workers outside this country— 
Engstrom, Bjornerstedt, Clemedson, and Nelson (Bone and Radiostrontium, 
Wiley, 1958)—have come to the opposite conclusion ; namely, that the maximum 
permissible body burden should be lowered. They suggest a figure between 3 
and 30 wee Sr”/gm. Ca as opposed to the number 200 wus Sr”/gm. Ca proposed by 
the U.S. Committee, working under the auspices of the Department of Com- 
merce under Secretary Lewis Strauss, formerly Chairman of the U.S. Atomic 
Energy Commission. 

The U.S. Committee has made another strange shift in its recommendations. 
This is to deal with Sr” concentrations per unit of weight of food material, with- 
out reference to calcium content or water content. Presumably, a dried milk 
powder with more than 100 zyuc Sr”/kg. would be unsafe, but the fresh miik from 
which it was made, having 10 pyc/kg., would be safe. The Committee could 
hardly mean this, but neither could they mean that 100 uuc Sr”/kg. of all food 
and drink would be tolerable if they would expect to hold the total body burden 
down to 200 uwuc Sr” per gm. Ca. because the volumes of fluids ingested are 
highly variable—with the weather, with states of activity, etec—and such a 
standard would be no standard at all. 

An equally serious defect is that the new standard is unrelated to the level 
of calcium intake. A point about which there is no disagreement is that when 
there is a low calcium intake, a greater proportion of ingested Sr” (as well as 
calcium) is stored in the bones than when the calcium intake is high. If a child 
were to live on plant foods containing 100 wuc/kg. (the present level in some 
plant materials) and this food contained 0.04 percent calcium, he would, if he 
took 1 kg. per day, ingest 36,500 uuc Sr” and 140 gms. Ca per year. At age 4 he 
would store 25 gms. Ca per year. If the discrimination factor against strontium 
is taken as 0.3 in the growing child, the new bone would contain about 78 yuyc 
Sr”/gm. Ca. 

If, on the other hand, the child’s diet contained 0.1 percent calcium, and the 
Same discrimination factor prevailed, the new bone would have only 30 spc 
Sr”/gm. Ca. Even if the discrimination factor is not constant, the direction of 
the difference would be the same. The biological significance of Sr” in food 
definitely depends upon the calcium content. 

Thus, a maximum permissible concentration for radionuclides in foods with- 
out reference to water content and to calcium content is virtually meaningless. 

The most serious action of the U.S. Committee has been to raise the sug- 
gested maximum permissible body burden. Their reasons for so doing appear 
incomprehensible in the face of the most obvious fact—namely that no one will 
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know what the real value for a “just detectable rise’ in incidence of bone 
cancer and leukemia will be for at least 20 years—the induction period for 
carcinogenesis in man by bone seeking radionuclides in low doses. 


II. The levels of Sr* in wheat from the Great Plains region 


The Minnesota Governor’s Committee on Atomic Energy Development Prob- 
lems collected samples of 1956, 1957, and 1958 wheat from University of Minne- 
sota agricultural experiment stations and utilized the offer of the U.S. Atomic 
Energy Commission to analyze them. The data obtained appear in table I. 


TABLE I.—Strontium 90 in wheat 





| 

| puc/gm. Ca 
Location eo S 
| 1956 | 1957 1958 


Crookston | | 606 | 213 
Grand Rapids 56 usta 3} 187 | 184 
| 
| 
| 


Rosemount 5 150 124 
Lamberton |} 146} 191 
Waseca kd as 4 Rie |} 105 129 
International Falls___- 2 ai = ; ‘ . 124 | 120 
Duluth ; : : : : 111 
Morris - | 200 [--2o» 


: SSsasezs 





Means..-_- rote cere i dees caatch Sal | 217] 153 | 


la 


Several points are noteworthy. First, it will be seen that the values range 
from as little as 74 to as much as 606 wuc/gm.Ca, or from 16 to 114 uyuc/kg. of 
wheat. The highest value is above current NCRP standards for the MPC on 
a weight basis, and many of the values exceed the older MPC on the ratio to 
calcium basis. As noted in section I of this statement, the weight basis is not 
a satisfactory basis of evaluation of hazard because, if accepted, it could lead 
to total body burdens of an intolerable magnitude. 

It is also to be noted that large local and/or temporal differences exist, and 
that therefore family consumption of homegrown products might provide greater 
sporadic hazards than would occur if the food ingested by a given family came 
from a wide variety of sources. In other words, consideration of radionuclide 
damage as a sporadic rather than simply as a universal phenomenon should be 
given serious attention. Nationwide or areawide average values or concentra- 
tions may be meaningless as far as individuals or small groups are concerned. 
According to Science (129, 1210, 1959), the AEC is currently spending only $2.6 
million per year on sampling and analysis in fallout studies. It would appear 
that this program could and should be enlarged at the expense of less urgent 
AEC work. 


ITI. Milk and bone 


The Minnesota State Board of Health is engaged in a systematic monitoring 
program for milk. Table II presents results which it has reported. 


~ 
© 


TABLE II.—Sr” concentration milk in 1958? 


[uuc/liter] 








| 
| September October November 
; ' 


Thief River Falls__........._- 10 


Brainerd _______- 
Minneapolis 
Faribault 





! From data released Feb. 11, 1959, by the State board of health (each value is for a pooled monthly sample 
obtained in these areas). 


Aside from the fact that values above 20 ¢ per liter were found in two cities, 
it is of interest to note that within a single State pooled daily samplings for a 
month showed more than a threefold spread in values. Obviously, when an 
aliquot from a pool of 30 daily samples from a milkshed shows a given value, 
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some of the constituent dairies must have had higher and others lower values. 
Some few dairy farms probably had as much as double the city average. 

Prof. E. W. Pfeiffer of the School of Medicine of the University of North 
Dakota has provided me with analyses of human bone from subjects dying in 
mid-1958 from North Dakota, analyzed by the Lamont Laboratories and by 
Isotopes, Inc. The values are as follows: 





Bone puc Sr®/gm. Ca} Laboratory 


Uy ae 
} 
a? bate 05 | 


Lamont. 
Newborn... ..-- 
3 years - - . 
@] years... ...-...-..------------2-----2----2---=--205-0-----| Vertobrae... 
| 


It is to be anticipated that bone Sr” levels will rise considerably in the coming 
years, even if nuclear explosions are stopped, both because of further fallout 
from stratospheric storage and because we have not yet come into equilibrium 
with existing soil burdens. Only when milk cattle have come into complete 
equilibrium with their plant food sources as to Sr”/Ca ratios, will their milk 
come to maximum Sr” values. 

The present bone levels of Sr” approach the lower limit set by Engstrom and 
others for possible carcinogenic effects. It is to be expected, therefore, that in 
the near future the general bone levels in children will pass the Engstrom 
threshold. 

Since ion exchange systems of specific types are available for selective removal 
of ions, it would seem essential that practical processes be developed now for 
milk purification with respect to Sr” on a commercial scale. If present milk Sr” 
levels were to double, it would seem unduly hazardous to use milk without Sr” 
removal. 


IV. General remarks 


One difficulty in the operation of the AEC is that it has had no major spokes- 
man for biological or medical science in the policymaking Commission. If the 
AEC is to continue to have responsibility for research and control in those areas, 
this defect should be remedied by having a competent general biologist (plant 
or animal) and a competent medical scientist as members of the Commission. It 
may, however, be that a better solution would be to divorce the promotion of 
utilization of nuclear energy from the biological and health problems entirely, 
and to turn the latter over to some more appropriate agency or agencies. 


STATEMENT ON STRONTIUM 90 IN MINNESOTA WHEAT MADE BEFORE THE JOINT 
COMMITTEE ON ATOMIC ENERGY DURING THE AUTHORIZATION HEARINGS, FEB- 
RUARY 27, 1959, By WiLLarp F. Lissy, U.S. AEC 


The Sr” content of wheat is a matter of real concern to us. There is nothing 
good about radioactive fallout and it has been our constant effort to reduce it 
to the minimum in keeping with necessary weapons development programs. We 
welcome the interest of everyone willing to help us study it and have a system 
of publication and dissemination of the information which we hope is good. A 
particularly comprehensive document was issued recently. It is a nearly com- 
plete summary of U.S. data up till about last summer and is available through 
the Department of Commerce Office of Technical Services. It is the Health and 
Safety Laboratory Report No. 42 entitled, “Environmental Contamination From 
Weapons Tests.” 

The high levels found sometimes in wheat and rice and other grasses and 
vegetables apparently are due to a particular circumstance. These plants ap- 
parently pick up more fallout from the rain falling directly on the leaves than 
from the roots and the soil. As a consequence their level depends more on the 
rate of fallout than it does on the total accumulated fallout in the soil, though 
I hasten to add that there definitely is soil pickup. The soil pickup, however, 
does not lead to the large fluctuations with seasons of the year that is found 
in these gasses and lies at lower values than the peaks which direct leaf pickup 
can attain during a period of intense nuclear weapons testing when the rate 
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of fallout can be particularly high for a short time. In other words, a high 
value may be followed by lower values if the rate of fallout is lower during the 
later growing seasons due to the timing of nuclear tests. 

We are very concerned, however, by the amount of Sr” found in these prod- 
ucts and by the fact that occasionally samples are found which exceed the levels 
which are generally acceptable for a steady diet. Actually, of course, the gen- 
eral average food level is the important matter and we can say that this level 
is well below the maximum permissible level as given by the NCRP. 

To summarize, then, the high values in wheat probably are due largely to sur- 
face pickups from particular rains and are not expected to show a steady rise, 
except for the relatively smaller soil pickups, unless rates of testing exceeding 
the very heavy ones of last year occur again and I assure you that it is our 
policy to do everything to keep radioactive fallout outside the Nevada test 
areas to the very minimum. 

It will be 2 years in June since your committee held its important hearings 
on radioactive fallout and we would be pleased to discuss the situation as it 
exists at present with you at any time you wish. 


BACKGROUND ON STRONTIUM 90 IN WHEAT 


Values for the “maximum permissible concentration” of a radioisotope in the 
human body are recommended by the National Committee on Radiation Protee- 
tion and Measurements and the International Commission on Radiological Pro- 
tection. Values for the maximum permissible concentration of a radioisotope in 
water ingested by a person are derived from the body values. The values for 
water are, in turn, roughly applied to food. The figure for strontium 90 in 
water is 800 micromicrocuries per kilogram of water for occupational exposure, 
and one-tenth of this amount, that is, 80, for so-called population exposure. 
The factor of one-tenth is based upon a recommendation of the ICRP. Both 
NCRP and ICRP recommended limits are based upon the further assumption 
of continuous intake at the permissible level. In applying the above values to 
food, it is assumed that the entire diet is taken into consideration. 

It was pointed out in recent testimony before the Joint Congressional Commit- 
tee on Atomic Energy that if only one food item is considered separately (which 
is a dubious procedure) it may be estimated that it would be necessary to eat 
at one sitting a few tons of wheat containing 80 micromicrocuries of strontium 
90 per kilogram of wheat before a maximum permissible amount would accumu- 
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late in the body. While a person in the United States normally would eat 
several tons of wheat over a normal lifetime, he would not necessarily accumu- 
late a maximum permissible amount of strontium 90 in his body, even if the 
wheat contained 80 micromicrocuries of strontium 90 per kilogram of wheat, 
because wheat is not the only food the person would have eaten. The body 
burden reflects the total diet. Much of the strontium is separated from the 
flour in the milling processes. This would increase the above estimates of a 
few tons by a factor of several fold if the flour only were eaten. 

The Minnesota wheat samples showed an average strontium 90 content below 
the permissible level (23 samples taken over the years 1956-58 averaged 51 micro- 
microcuries of strontium 90 per kilogram of wheat). Only one sample showed 
above the permissible (this sample contained 113 micromicrocuries per kilogram 
of wheat). Such variations are to be expected. It is the average, not only for 
wheat but the entire diet, that counts. The present diet in the United States is 
roughly estimated to contain about 10 micromicrocuries per kilogram of food. 

By far the best evidence of potential hazard comes from figures of actual con- 
centration of strontium 90 in the human body itself. These figures are not esti- 
mates, but are actual measurements of the amount of strontium 90 in human 
bone, the part of the body where most of the strontium is deposited. The recom- 
mended maximum permissible concentration of strontium 90 in the human body 
is set at one-tenth microcurie for the general public by applying the factor of 
one-tenth to the occupational maximum permissible concentration of 1 micro- 
curie recommended by the NCRP and the ICRP. The recommended limit for the 
general public is equivalent to 100 micromicrocuries of strontium 90 per gram 
of calcium on the assumption that the normal adult skeleton contains 1 kilo 
gram of calcium. (Because the skeletons of children and adults differ widely as 
to weight but not as to calcium concentration, the concentration of strontium 90 
in human bone is usually expressed in relation to the calcium content. The unit 
of concentration is 1 micromicrocurie of strontium 90 per gram of calcium.) 

As of January 1958 the determined values for skeletal concentrations in North 
American children up to 1 year of age were between 0.46 and 1.84 concentration 
units, and for those from 1 to 4 years of age were between 1.23 and 1.53 con- 
centration units. The worldwide average value for adults was 0.19 concentra- 
tion units, while the corresponding value for all humans was 0.52 concentration 


units. These most recently available data indicate that by 1 year ago young 


chiidren had accumulated up to 2 percent of the maximum permissible body 
burden of strontium 90 for the general population. 
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[Minnesota Chemist, March-April 1959] 
STRONTIUM-90 FALLOUT IN MINNESOTA 


W. O. Caster 
Department of Physiological Chemistry, University of Minnesota 


Two and a half years ago a member 
of the Atomic Energy Commission point- 
ed to the upper midwest as being the 
hottest spot with respect to radioactive 
fallout in the United States—if not in 
ihe world (1). Subsequent data suggest 
that this distinction undoubtedly belongs 
to areas closer to testing sites. Yet, Man- 
dan, North Dakota, one of the few sites 
extensively studied in this area, has re- 
ported (2, 3a) the highest average levels 
of Sr9° in milk that have yet been pub- 
lished. The first substantial data relating 
to Sr°° concentrations in Minnesota 
foods have just been released. They are 
shown in Tables I and II. 


TABLE I 
$99 Concentration (in $.U.) in Minnesota 
Wheat* 
1956 1957 
International Falls 124 120 
Crookston 606 213 
Grand Rapids 187 184 
Duluth — 111 
Morris 200 — 
Rosemount 150 124 
Lamberton 146 191 
Waseca 105 129 


*From data released Feb. 6, 1959 by the 
Minnesota Atomic Development Problems 
Committee (each value represents a single 
sample). 


1958 


TABLE II 
Sr8° Concentration (in $.U.) in Minnesota 
Milk in 1958* 

Sept. Oct. Nov. 
Thief River Falls 10 — 14 
Duluth 24 21 — 
Brainerd 23 — 20 
Minneapolis — 7 12 
Faribault oo 10 11 
*From data released Feb. 11, 1959 by the 
State Board of Health (each value represents 


the mean of a number of samples obtained 
in these general areas). 


Why the emphasis on Sr9°? Chemically, 
fallout is a mixture of fission products, 
unexpended fuel elements, and a wide 
variety of induced activities—dozens of 
radioactive isotopes. In the first day or 
so after bomb detonation, isotopes of I, 
Nb, Zr, and Y are the major sources of 
radioactivity. A few weeks later, after 
the short-lived isotopes have largely dis- 
appeared, Ba, La, Pr. Ce, Nd, Ru and 
Rh nuclides are prominent. But over 
longer periods (1-100 years) it is the 
Sr99-Y90, Cal37-Bal37, and Cel44-pri44 
mother-daughter pairs, the unexpended 
U and Pu, and the C14 created by neu- 
tron interaction with the atmospheric 
nitrogen that appear to be of greatest 
biological consequence. 


Dr. W. O. Caster holds B.A. and M.S. degrees 
in Organic Chemistry from the University of 
Wisconsin, and a Ph.D. in Physiological Chem- 
istry in 1948 from the University of Minnesota. 
For 3 years, with the U. S. Public Health Service, 
he participated in nutritional studies of popula- 
tion groups in New England and Georgia. Since 


1951, as Assistant Professor in Physiological 
Chemistry and Public Health Special Research 
Fellow of the National Heart Institute at the Uni- 
versity of Minnesota, he has studied the bio- 
logical effects of radiation. He is a member of 
the Minnesota Atomic Development Problems 
Committee, and Chairman of their Task Group 
on Known Quantitative Standards for Deter- 
mining Degrees of Hazard to Human Beings 
from Radiation. 
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Biochemically we know very little 
about most of these elements. Table III 
indicates the regions of the body in which 
some of these elements tend to be lo- 
calized. This is important radiologically 
because it is at these points in the body 
that the direct damage would be expected 
to be centered. A number of these 
nuclides are bone-seekers, i.e., they are 
concentrated in the skeleton and re- 
main fixed there for many years. Radio- 
logically, the most dangerous among 
these may well be the unexpended fuel 
elements, U and Pu. Detailed informa- 
tion on these is lacking—perhaps be- 
cause it relates directly to bomb effi- 
ciencies. Next comes Sr9°. Atmospheric 
Sr®°, like other fallout products, ‘is swept 
down by rainfall. It lands on plants and 
soil, and is pictured as following the 
calcium cycle in nature. It enters the 
human body via foodstuffs. Of that re- 
tained, 99% is localized in the skeleton. 


TABLE IIl 


Hazardous Isotopes and Their Point of 
Attack in the Body 


Part c' 
Body 
Skeleton 


Isotope 
Calcium—45 
Strontium—89 and 90 
Yttrium—90 and 91 
Barium—140 
Lanthanum—140 
Uranium and Plutonium 


lodine—131, 132, 133 and 135 
Manganese—56 
Cobalt—60 
Cerium—141 and 144 
Praseodymium—143 and 144 
Neodymium—147 

Whole Body Cesium—137 
Carbon—14 


Estimates of the biological hazard 
from radiation are based on three podls 
of knowledge. The first of these relates 
to experience with X-rays. Many of the 
early experimenters with X-rays died of 
cancer. As knowledge concerning cancer 
and other biological effects of radiation 
has increased, the levels of X-ray ex- 
posure that are considered to be tolerable 
or permissible have progressively de- 
creased. For occupational exposure, this 
maximum permissible dose has declined 
from 50 roentgen units per year in 1931 
to 15 r/yr in 1949 and finally to 5 r/yr 
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in 1957. The non-occupational maximum 
is taken to be 10% of this figure, or 
0.5 r/yr. 

The second source of information re. 
lates to experience with radium—a bone. 
seeking radioactive element. In the early 
part of this century, hundreds of radium 
dial painters were found to have radium 
in their skeletons. Additional thousands 
of people were fed or injected with 
radium salts by their physicians. A few 
are still alive and have been extensively 
studied. The main hazards from radio 
active bone seekers, such as Ra, are 
anemia and leukemia (from irradiation 
of bone marrow), bone damage, and, at 
high Ra concentrations, bone cancer. On 
the basis of early estimates, the occupa- 
tional maximum permissible body levels 
of Ra were set as 100 muc per person. 
Since Sr°° and its daughter released 
roughly 10-fold less ionizing energy per 
mole than Ra?26 and its daughters, the 
corresponding Sr®° tolerance was 1000 
muc per person. Assuming that a human 
skeleton contains 1000 g of Ca, this can 
be expressed as — 1 muc Sr9°/g Ca = 
1000 uuc Sr9°/g Ca = 1000 S.U. (where 
1 S.U. = 1 strontium unit or “sunshine 
unit” — 1 uuc Sr9°/g Ca). Again, these 
maxima are being revised downward— 
presumably by the same 3-fold factor 
which changed the X-ray tolerances in 
1957. According to present theory, a 
least, this would allow the bone-seeker 
tolerances to equal that skeletal isotope 
concentration which would set up a radi 
ation intensity equal to the X-ray toler 
ance level. The matter is hardly this 
straight forward. The problem in this 
calculation, of course, is that Ra and 
other bone seekers tend not to be uni 
formly distributed throughout the skele- 
ton. Hence, some spots are much “hot- 
ter” than others. However this matter is 
resolved, the population tolerances 
(again 10% of the occupational) wil 
presumably be close to 30 uuc Sr9°/g Ca 
(= 30 S.U.), 3uuc Ra?26/g Ca, or 1 uue 
Pu239/g Ca. 


It is interesting to note at this point 
that both the occupational tolerances for 
X-rays and Ra were initially set for pro 
fessional radiation workers who wert 
assumed to be 45 year old males, and 
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were justified, in part, on the basis that 
it takes perhaps 25 years for many types 
of radiation damage to become evident. 
To quote NBS Handbook 52(4), “45 + 
25 — 70 years, which is the average life 
span”. It might be germane to point out 
that the average life span of the radiolo- 
gist was 60.5 years—as compared with 
65.7 years for other medical groups (5). 


The third source of our knowledge 
relating to radiation hazards comes from 
information concerning levels of back- 
ground radiation. We are constantly ex- 
posed to small amounts of radiation from 
which we cannot easily escape—cosmic 
rays, C!4 and K4° in the body, and weak 
gamma radiation from earth, rock and 
structural materials about us. In Min- 
nesota this background radiation 
amounts to about 0.1-0.2 r/year. In a 
few parts of the world it may range up 
to 0.4 r/year or so. This background 
radiation has been part of the human 
environment for countless generations, 
and must be accepted as a part of the 
normal hazard of living. By definition, 
any radiation dose which is small in com- 
parison with this background must be 
considered to be of trivial biological im- 
portance. The maximum permissible dose 
of X-rays that has been set for the gen- 
eral population is 0.5 r/year. In com- 
parison with background, this would 
seem a safe and reasonable level. It will 
probably never be practical to reduce it 
much below this level. 


The relationship of the bone-seeker 
tolerances to background radiation can- 
not be so easily expressed. The calcula- 
tions involved in relating Sr®° concentra- 
tion (in S.U.) to radiation intensity (in 
roentgen units) at any point in the 
skeleton is neither simple nor certain. 
Engstrom and coworkers (6) have re- 
viewed this matter in detail. The problem 
hinges about the facts that: (a) the beta 
radiation from Sr?° and Y°° have an 
average range of only 1-2 mm in bone, 
and (b) Sr9° is not homogeneously dis- 
tributed through the bone mineral in the 
skeleton but tends rather to be laid down 
in discrete spots and layers. For ex- 
ample, it is known by direct analysis (8) 
that certain entire bones of the skeleton 
may have a Sr®° concentration that ex- 
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ceeds the skeletal average by 4-fold. 
Within these bones some points are much 
“hotter” than others. Thus any calcula- 
tion relating to bone-seeker concentration 
(in S.U. or in uc of isotope in the total 
skeleton) to radiation dosage (roentgen 
units per day delivered to the “hottest” 
point) must take into account a factor, 
N, which corrects for this degree of 
inhomogeneity. 

In its 23rd Semiannual Report (9) the 
AEC ignores this factor in making its 
biological evaluations. It assumes that 
N = 1. This is known to be in error (8). 


In the report of the Minnesota Atomic 
Development Committee (7), N is as- 
sumed to be about 6. This is a frequently 
used assumption because it allows agree- 
ment between the X-ray tolerance data 
and the tolerances estimated from Ra 
experience. 


Engstrom (6) has recently pointed out 
that N is not constant but may range 
from 6 - 60 depending upon conditions, 
i.e., whether the Sr9°/Ca ratio in the 
diet is maintained constant throughout 
life or whether the Sr9° is administered 
in a single dose. At the present time the 
differential concentration factor is high 
(S.U. in average food is perhaps 100-fold 
higher than S.U. in average bone). If fur- 
ther contaminating processes were to 
cease today, it is estimated that by some- 
time in the 2ist century Sr9° and cal- 
cium would be uniformly mixed in the 
biosphere—and the possibility of laying 
down highly variable concentrations of 
Sr°° in bone would be greatly decreased. 
The value of N that is appropriate for 
the evaluation of present day bone data 
must lie between 6 and 60. Some insist 
that public safety is best served by 
assuming the upper value in making 
safety estimates. 

Table IV summarizes the above infor- 
mation and relates dose levels to biologi- 
cal effect. The importance of this discus- 
sion becomes apparent when one con- 
siders the biological significance of 
having, for example, 180 S.U. of Sr9° 
in the skeleton. The current AEC evalua- 
tion would estimate that 180 S.U. would 
produce a radiation intensity in bone of 
0.45 r/yr which is below the maximum 
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permissible for the general population, 
and furnishes the skeleton with radiation 
only slightly above the natural back- 
ground levels. Hence, it is “safe” and 
well below levels that might cause bio- 
logical effect or should reasonably be 
termed a basis for concern. Using Eng- 
strom’s factor of N — 60, on the other 
hand, one would be led to say that 180 
S.U. is about 60-fold above maximum 
permissible levels for the general popula- 
tion, and would double and perhaps 
triple a person’s chances of having leu- 
kemia, and places him just above the 
threshold for bone damage. 

This, briefly, describes the background 
of this problem faced by Subcommittee 
2 of the National Committee on Radia- 
tion Protection and Measurement as it 
attempts to revise the maximum permis- 
sible levels for the bone-seekers. In the 
interim there is honest confusion. No 
single value can claim universal accept- 
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ance as defining the border between 
hazard and safety. According to AEC 
logic, the old maximum figure of 100 
S.U. is overly conservative and should 
be raised to 200 S.U. At the other ex- 
treme a figure as low as 3 S.U. could be 
justified. There is an urgent need for 
more research, and for a dispassionate 
application of what we already know. 

This discussion of population toler- 
ances deals with skeletal levels of Sr. 
The data of Tables I and II concern food 
values of Sr9°. How are the two related? 
The answer requires the consideration of 
two additional factors: discrimination 
and diet. 

Fortunately for us, the Ca appearing 
in newly formed bone carries with it less 
Sr°° than was present in the diet. This 
change in Sr9°/Ca ratio from food to 
skeleton is referred to as the discrimina- 
tion factor. It is a variable factor, rang- 

(Continued on Page 12) 





~ TABLE IV 


A Comparison of Three Estimates Relating Skeletal Strontium-90 Concentration to 
Radiation Dose 


Strontium Units in Total Skeleton 


(1 S.U. = 1 uuc Sr®° per g. of Ca) 


AEC (9) 
50,000 S.U. 


Minn. Report (7) 
7,500 S.U. 


10,000 S.U. 
6,000 S.U. 


1,500 S.U. 
900 S.U. 


2,000 S.U. 300 S.U. 
200 S.U. 30 S.U. 


100 S.U. 15 S.U. 


150 S.U. 
90 S.U. 


30 S.U. 


3 S.U. 


1.5 S.U. 


Equivalent 

radiation 

to “hottest” 
point in r per 


20 years Biological Effect 


Engstrom (6) 
750 S.U. 


2.500 Bone Cancer 
Threshold* 
Bone Damage* 
50-100% in- 
crease in leuke- 
mia incidence 
Max. Permis- 
siblee (occupa- 
tional) 
Max. Permis- 
siblee (popula- 
tion) 
Equal to back- 
ground radia- 
tion 


500 
300 


100 


«-— Bone cancer threshold is reportedly in the range 1,000 - 4,000 r of X-rays (Brit. 
J. Radiol. 26: 273-84 (1953) and Cancer 1: 3-29 (1948); 9: 528-42 (1956) and 
10: 72-88 (1957)). From radium experience, bone damage appears at doses 
about 5-fold lower than the cancer-producing dose. 

»— Calculated from data of Science 125: 965-72 (1957). 

©—5 r/yr (occupational) or 0.5 r/yr (population) and the corresponding Sr®° con- 
centrations that can be calculated (using N — 1, 6 or 60) to produce equivalent 


radiation intensities. 
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ing normally from 2 to 8. The adult is course of the past few years. The dietary 
not actively building a skeleton, but does averages have been calculated on the 
exchange perhaps 7% of his skeletal Ca basis of census report figures (13) which 
per year. This exchange reaction is fairly indicate that the average American ob- 
selective in discrimination against Sr. tains 80-85% of his dietary calcium 
Hence the Sr/Ca ratio in food may be from milk and milk products, perhaps 
2-8 times greater than in the skeleton. 15% from plant sources, and some 
New formation of bone by children ap- 1-3% from meat products. This im- 
parently does not show this same degree mediately indicates the central import- 
of selectivity (15), so that the discrimina- ance of milk in this evaluation. 

tion factor in this case is closer to 2. In The dietary levels of Sr9° have in- 
certain pathological states the discrimina- creased sharply in the past 5 vears. There 
tion may actually be reversed (10). In is a variation in average levels of per- 
a general way one can say that the Sr9° haps 2-fold as one goes from north to 
concentration in food is perhaps 2-fold south within the state. At worst, they 
(children) to 4-fold (adults) greater than are still not as high as some reported 
the Sr’° concentration appearing in from North Dakota (2). 

newly acquired skeletal calcium. How does one evaluate these data with 





TABLE V 

The Sr?° Concentration (in S.U.) in an Average Diet as Estimated from Food Sources 

Food Sources Average 
Sr9° in 
Milk Plants Meat* Diet 

. 1954 1 (0.5-1.5) 5 (2-15) 6 (1-19) 2 

1955 5 (1-10) 28 (6-53) 27 (4-183) 8 

1956 6 (2-17) 76 (1-2180) 44 (8-170) 15 

1957-8 is?" 1s3°* 41 

*From analysis of animal bone. 

**Average of data in Tables I and II. 


Discrimination also occurs in the cow respect to safety-taking discrimination, 
and at other points in nature (11). This individual variation, etc. into account? 
is the explanation given for the marked Clearly they are high enough so that no 
differences in the levels of Sr9° in the oae can say with assurance that these 
different foods listed in Tables I, Il and levels are safe. Nor can one point to any 
V. As discrimination may vary from per- given child and say with assurance that 
son to person, so also may the eating he will develop bone cancer 20 years 
habit patterns vary. From Table V it from now. The averages fall in that very 
appears that a vegetarian who eschews broad twilight area defined by our un- 
milk and milk products may have a dis- certainties and lack of knowledge in this 
tinctly higher Sr®° intake than the av- field. The upper portion of the estimated 
erage. range for skeletal Sr*° levels in children, 

Surveys (8) indicate that there are at least in parts of this state, is cause 
indeed very large between-individual for concern by any reasonable tolerance 
variations in skeletal Sr9° levels. Within standard. Levels are still rising, and it 
any one area and any one age group has been suggested that they will con- 
these values may vary over a 10- to 50- tinue to rise for the next 10-20 years 
fold range. Such variations must be taken (14). 
into account in any evaluation of average Thought is being given to the prob- 
values (12). lems of confiscating radioactive foods 

In Table V an attempt is made to (16). As time goes on actions will be 
estimate from available data the con- taken that will have exceedingly import- 
centration of Sr®° which has accom- ant economic and political consequences 
panied the dietary calcium over the on one hand and health significance on 
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the other. A firm understanding of 
these matters by the technically trained 
individuals in the population can do 
much to stabilize public thought on these 
matters and assure inteiligent support of 
measures required to control this situa- 
tion. 
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CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIL ENERGY, 


April 7, 1959. 
Mr. A. R. LUEDECKE, 


General Manager, U.S. Atomic Energy Commission, 
Washington, D.C. 


Deak Mr. LUEDECKE: Attached for review and comment by the Commission 
staff is a copy of an article by E. W. Pfeiffer, entitled “Some Aspects of Radio 
active Fallout in North Dakota,” which appeared in the autumn 1958 issue of the 
North Dakota Quarterly. 

In connection with the studies of the fallout situation in North Dakota it 
would be appreciated if you could provide the Joint Committee with information 
as to the status of the analysis of human bone specimens from North Dakota 
which we understand is being carried on under AEC sponsorship. We have 
been informed that a study has been underway at the Lamont Geological Labora- 
tory of Columbia for almost a year but that no report has been given. 

It would be appreciated if the Commission will investigate the circumstances 
of the apparent delay in obtaining reports on North Dakota bone specimens and 
what the current situation is with respect to fallout in North Dakota. 

Sincerely yours, 
JAMES T. RAMEY, 
Ezecutive Director. 


(From the North Dakota Quarterly, autumn, 1958] 
SoME ASPECTS OF RADIOACTIVE FALLOUT IN NORTH DAKOTA 
(By E. W. Pfeiffer) 


On December 30, 1958, in Washington, D.C., the Council of the Ameri- 
can Association for the Advancement of Science passed the following 
resolution: “It is our further task to help in the transmission and trans- 
lation of this knowledge [of the effects of radiation] to the public, for 
the final and effective decisions on nuclear control must be made not by 
scientists alone, nor by the military, but by all citizens—” Science, 129 
(Jan 16, 1959) 136-137. 











INTRODUCTION 





















In May 1958 the Grand Forks Herald reported that, as a result of the relatively 
high levels of strontium 90 (Sr”) in powdered milk processed at Mandan, 
N. Dak., human bone samples from North Dakota were to be analyzed for their 
Sr” content. Subsequently, the Minneapolis Tribune revealed that, in addition to 
analysis of milk, analyses had been made of North Dakota soil, air, river water, 
grain, and animal bone. According to the Minneapolis Tribune, the study was 
“to be kept off the record.” However, it is difficult to understand how the people 
of North Dakota can intelligently express their opinions on the vital question of 
continuation of nuclear weapons tests (as they were asked to do in the 1956 
presidential campaign) if they do not have information concerning the results 
of these tests. The following paper, therefore, presents “for the record’ some 
of the results of the tests which have been conducted on radioactivity from fall- 
out in North Dakota. 

Since I am not competent in the field of radiobiology or nuclear physics, I shall 
not consider the implications of the data presented below, other than to relate 
them to certain concepts of authorities on radioactive fallout, and to compare 
them to official maximum permissible concentrations. I wish to express my 
gratitude to the Health and Safety Laboratory and the Division of Biology and 
Medicine of the U.S. Atomic Energy Commission, the U.S. Weather Bureau, and 
the U.S. Public Health Service for their generous cooperation in making the 
following material available to me. I am also grateful to Senators William 
Langer and Hubert H. Humphrey for their invaluable assistance in obtaining 
data. 

PRESENTATION 





OF DATA 








Figure 1 presents, in graphic form, the levels of Sr” in fallout and in milk as 
they have occurred in different areas of North and South Dakota during parts of 
1957 and 1958. The curve for Sr” in milk processed at Mandan shows that a 
peak of almost 33 strontium units (micromicrocuries Sr” gram of calcium) was 
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reached in August 1957. This was the highest level reported for any of the 39 
stations of the AEC throughout the world. This situation raises the question as 
to just why Sr” in North Dakota milk should be higher than in that from Utah, 
for example, which is much closer to the Nevada test site of the AEC than is 
North Dakota. 

Measurements of the day-by-day fallout of Sr” in North Dakota during the 
summer of 1957 suggest a possible reason for the sudden rise of Sr” in the 
August milk. It should be recalled that during the summer of 1957 Operation 
Plumbbob was carried out at the Nevada test site, and many nuclear weapons 
were exploded. Figure 1 shows that there was a very great increase in Sr® 
deposition during July at the Fargo sampling station, and a substantial increase 
at the Williston station. Radioactivity from Sr” at Fargo rose from a little over 
2 millicuries per square mile in June to over 26 millicuries per square mile in 
July, and then returned to about 2 in August. This was a much higher level 
of radioactivity than that which occurred at Vermillion, S. Dak. (fig. 1), and was 
as much as the total Sr” deposition accumulated in many other areas from the 
beginning of nuclear weapons test to 1957 (table I). 
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According to the daily July measurements of Sr” deposited at Fargo (fig, 2) 
almost all of the Sr” fell on July 16. Figure 2 also shows that on July 15 a nu- 
clear weapon with the code name “Diablo” was detonated. Its radioactive cloud, 
as charted by the U.S. Weather Bureau, subsequently moved over North Dakota, 
as shown in figure 3. This was the case for all of the clouds from the July shots, 
but in September the clouds passed far to the south and Sr” deposition at Fargo 
was correspondingly small during this month. While the radioactive cloud was 
presumably in this area, there was heavy precipitation, and this is correlated 
with Sr” deposition in figure 2. The correlation suggests this hypothesis: radio- 
active debris, including Sr” from Diablo was blown from the Nevada test site 
to the north-central area of the United States, where the Sr” was washed out by 
heavy local precipitation. Libby (1) states, “The efficiency with which rain re 
moves fallout from the air through which it passes is probably high.” He also 
states: “We conclude that total fallout in arid regions should be appreciably 
lower than in areas with normal rainfall. This effect seems to be borne out by 
the data available now, though more definitive experiments are needed.” Since 
the areas to the west of North Dakota have little precipitation during July, it 
can be assumed that the radioactive clouds arrived in North Dakota with a full 
load of debris, much of which may have been washed out by the local heayy 
precipitation in the Fargo area and elsewhere. 


TABLE 1 


1.1 Strontium 90 in milk near Mandan, N. Dak. (9) 



































Strontium 
Location Sampling | units (micro- 
date microcuries 
| Sr ” gr. Ca) 
— } 
South Soo. : ee 23 Pip cab 3c anna oadtomn > cc ol 21.27 
West of Mandan_._. : ia Sak line Poevede Sane cae oe 11.16 
McLoughlin __--- Renae Se aa ons nis Fath ae ad rvs | 8.70 
North Soo Said 6.22, ett ntin ene Miakice i z > “ae 35. 81 
South Branch --- awa Shipesith ascot. ise cep Seana aaa 18, 52 
PED nic boccecdn sacs ckensmannksssctekcwe uns eoniieeindiaiees ae -| 19. 09 
1.2 Strontium 90 in hay 
| 

Location Sampling | Strontium 

date units 
Mandan, N. Dak. : ‘ {cath saibcustcehobeete ..| June 1956 39.0 
July 1956. - 27.0 
5 aes 21.0 
Ithaca, N. Y_--.. ae eee SE ea June 1956 38.0 
TUINIIR.  Si0 sc dcp sn catecsesticnd b.0s<0dehsanneneeepag cutee i | Sept. 1956 120.0 

1.3 Strontium 90 in animal bone 

Location Sampling Strontium 

date units 
"a a ee eee ae eee 24.0 
May 1957 -_- 26.8 
Logan, Utah -_-_-- bil k cs on acateakinadt taeda acdc Gai ea taal Nov. 1956__- 5.3 
I isin ningcitta. deh tones ceumumtbenc atc tn x cctdi care aks teee eel oe Oct. 1956_.-- 18.9 

1.4 Strontium 90 in soil 

Sampling Millicuries/ 
Location date square mile 
Mandan, N. Dak-----__-- vince beth oeiak edie crtakak taal Aug. 1956_ _- 10. 10 
Logan, Utah________- ahd herd ued cet gage he ioc aie eto er Sept. 1956__- 5. 98 


Ithaca, N. Y- 
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1.5 Cumulative deposition of strontium 90 to June 1957 
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Such a heavy deposition of Sr” as occurred at Fargo on July 16 might account 
for the high level in August milk in the following ways: the Sr” moves into the 
soil where it is picked up by the roots of plants and incorporated into their 
foliage, which is then eaten by cattle. Thus some of the Sr” moves from plant 
to milk. Moreover, Sr” is deposited directly on the foliage that the cattle eat, 
thus bypassing the soil. In view of these relationships of Sr” in soil to Sr™ in 
plants, bone, and milk, it is important to know the amount of Sr” in the soil and 
vegetation where dairy cattle are grazing. The AEC has carried out a very 
small program in North Dakota to “study the uptake of Sr” from soil to plants 
to animal bone.” Table I gives pertinent data resulting from this study. It 
is interesting to note that although the hay and soil Sr” are not high,* the high 
level of animal bone is “what might be expected from the high level in the 
milk” (2). This suggests that the source of much of the Sr” found in North 
Dakota milk is direct fallout upon leaves which are then eaten by the cattle. 

This interpretation is consistent with the concept of Libby (1) who states: 
“The bypassing of soil entirely, which occurs in the direct fallout on plant sur- 
faces, of course means that the retarding effects of high Ca contents in soil are in- 
operative, and cattle grazing on such foilage may show little correlation in the Sr” 
contents with the soil Sr” activity for this reason. This appears * * * to be 
true in the U.S. Midwest.” Another source of Sr” entry into cows is dust, as a 
recent report points out: “* * * grazing animals inhale appreciable quantities 
of surface dust containing Sr””’ (9). 

Correlated with the high Sr” in fallout, as measured by gummed films, is the 
rise in total beta radioactivity of Minnesota rivers during the summer of 
1957 (3). Figure 4 shows that during the summer of 1957 the beta radio 
activity of the Red River at Grand Forks rose many times higher than that 
recorded during the previous April, or subsequent October. 


DISCUSSION 


It seems appropriate to briefly review the particular biological significance 
of Sr” and then compare the levels of radioactivity in North Dakota with recent 
ideas of experts about maximum permissible concentrations of radioactive 
materials. According to Libby (1): “Strontium 90 is of particular importance 
among the fission products because of chemical and physical characteristics 
which result in a comparatively high retention in the skeleton. These are 
chemical similarity to Ca, an element essential to both plants and animals; an 
average life of about 40 years; and a low rate of elimination from the skeleton.” 

Furthermore, Sr” in the environment has apparently caused bone cancer in 
at least one wild animal, (4) and is being studied as a possible cause of lev- 
kemia. The present maximum permissible concentration for human populations 
not engaged in radioactive work is 100 strontium units. Since the average level 
of Sr” in the milk processed at Mandan has been approximately 20 strontium 
units for the year June 1957 through May 1958, one might expect to find bone 
levels as high as 20 strontium units in some very young North Dakota children, 
because according to Libby (1) “children seem to carry Sr” approximately equal 
to the average level of the milk during their lives.” This is one-fifth the present 
maximum permissible concentration, but there is a possibility that this maxi- 
mum may be lowered. Swedish Government experts (5) suggest a maximum 
permissible concentration about one-tenth of the present, or 10 strontium units. 
The British Medical Research Council (7) also supports a lowered maximum 
permissible concentration. 

There is the possibility that very young children on certain farms of the 
upper Midwest who drink only local milk may now have Sr” bone burdens 


1A very recent report (9) reveals that in August 1958 the Sr in soil near Mandan had 
risen to over 46 millicuries/square mile. 

2On Feb. 6, 1959, the Minnesota Atomic Development Problems Committee reported that 
samples of wheat grown in the upper Midwest during the years 1956, 1957, and 1958 show 
radioactivity in excess of the permissible level of 100 strontium units in food intake. A 
maximum of 606 strontium units was found in one of the samples. [One wonders if the 
records of the Government show that the prevailing winds and the fact that the Midwest 


feeds the Nation were duly considered when the site and the nature of atomic tests were 
decided upon.—Ed.] 
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which are higher than those indicated by average milk levels, because these 
averages are derived from pooled milk samples. In this connection, the U.S. 
Public Health Service states (8): “It is our belief that there may be variations 
in Sr” within relatively small areas * * *.” Data in a recent report (9) show 
that milk from five areas near Mandan, tested in May 1958, varied from 8.7 
to 35.8 strontium units, with an average of 19 strontium units (table 1). 

In view of the uncertainty regarding current maximum permissible concen- 
trations, the results of the North Dakota human bone analyses now being carried 
on at Lamont Geological Laboratory of Columbia University will be of the utmost 
significance for the people of North Dakota. 

Concerning radioactivity in water, the National Bureau of Standards, Hand- 
pook 52, gives the maximum level of beta radioactivity for drinking water as 
100 micromicrocuries per liter, stating this value “is believed to be safe for 
exposure to any of the isotopes for periods of a few months.” Data contained 
in a Minnesota official report (3) show that certain rivers in Minnesota and the 
Red River have shown radioactivity above this maximum for a considerable 


period. 
CONCLUSIONS 


The material presented in this paper suggests the need for continuing and in- 
creasing studies of radioactive fallout in North Dakota, and for interpretation of 
the North Dakota data by experts in the field of radiobiology, meteorology, and 
nuclear physics. A recent paper by leading authorities on radioactive fall- 
out (6) summarizes the present situation: 

“The problems of widespread, low-level radioactive contamination from nuclear 
weaopns testing have been increasingly before the public during the past year. 
The principal concern is the fallout and entry into the biosphere of strontium 
9%. There is general agreement that present levels of strontium 90 in food- 
stuffs and in the human body are far below the most conservative permissible 
amounts; however, the human strontium 90 burden may be expected to rise as a 
result of deposition of stratospheric debris from weapons already (and subse- 
quently to be) tested. Predictions based on conservative assumptions indicate 
that there remains a considerable margin of safety. If the rate of weapons 
testing continues to increase, however, this margin may eventually disappear. 
Although the permissible levels contain inherent safety factors, it is essential 
that close attention be devoted to all aspects of the fallout problem during the 
next several years. Only in this way can advance notice of the possible approach 
to permissible levels be obtained and assurance given that they will not be 
exceeded inadvertently.” 
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ATOMIC ENERGY COMMISSION, 
Washington, D.C., May 13, 1959, 
Mr. JaMeEs T. RAMEY, 
Executive Director, Joint Committee on Atomic Energy, 
Congress of the United States. 

Deak Mr. Ramey: In reply to your letter of April 7, 1959, to General Manager 
Luedecke, we are glad to provide the following information on the current sit- 
uation with respect to fallout in North Dakota and, specifically, on the human 
bone samples received last year by Lamont Geological Observatory for analysis. 
We have also received for comment by members of our staff, as requested, the 
article by E. W. Pfeiffer which appeared in the autumn 1958 issue of The North 
Dakota Quarterly. A copy of the comments is attached. 

The delay in analysis of the human bone samples from North Dakota held 
by the Lamont Geological Observatory was due to the following circumstances 
beyond the control of Lamont. It has been the policy of the Atomic Energy 
Commission for more than 5 years to send as many of its fallout samples as 
practical to commercial laboratories for analysis. At the time the North Dakota 
samples were received, the AEC had contracts with the three leading commercial 
laboratories in this tield, all of whom had demonstrated on test samples their 
ability to make analyses with acceptable accuracy. However, despite longstand- 
ing efforts to raise standards of routine performance of these laboratories, 
cross-checks between laboratories and the submission of blind duplicates to the 
same laboratories demonstrated that none of these laboratories were exercising 
adequate quality control. In addition, two of the laboratories were overextended 
and were unable to meet their schedules. As a result, it became necessary to 
greatly reduce the number of samples sent to these laboratories pending the 
institution of adequate corrective measures. Both the Lamont Laboratory and 
our Health and Safety Laboratory at New York have made every effort to per- 
form the most urgent analyses on an emergency basis, but we still have a large 
backlog of samples which under normal conditions would have been analyzed 
during the past year. 

The bones samples to which your letter refers were among those deferred. 
Of the 12 samples originally submitted from North Dakota, Lamont has recently 
completed the analysis of 4. A copy of their report is attached. Copies have 
been sent also to Dr. Pfeiffer and, in view of their expressed interest, Senators 
Humphrey and Langer. Meanwhile, four more samples have been received for 
analysis. 

As described in the article by Dr. Pfeiffer, fallout in North Dakota during 
the past 2 years has been relatively high. Measured concentrations of stron- 
tium 90 in soil at Mandan, N. Dak., increased from about 10 mc/sq. mile in 1956 
to about 19 mc/sq. mile in 1957 and about 45 mc/sq. mile in 1958, while the 
annual average concentration in samples of milk from Mandan increased from 
about 9 uuc/gm Ca in 1956 to about 16.4 uuc/gm Ca in 1957 and 20.5 uuc/gm 
Ca in 1958. 

The four bone samples which have been analyzed represent too small a sample 
to provide a reliable indication of human uptake in this area. This is partic- 
ularly true since two of them were fetal and one from a 61-year-old adult. The 
best indication is from a 3-year-old child who died in mid-1958. This concen- 
tration of 2.62 uuc Sr”/gm Ca, while about 30 percent higher than the average 
of values observed in young children from other areas, is smaller than might 
be expected in this area. 

If I can be of further assistance, please do not hesitate to let me know. 

Sincerely yours, 
Forrest WESTERN 
(For Charles L. Dunham, M.D., Director, 
Division of Biology and Medicine). 


STarr COMMENTS ON PAPER BY E. W. PFEIFFER, “SOME ASPECTS OF RADIOACTIVE 
FALLOUT IN NorkTH Dakota,” THE NORTH DAKOTA QUARTERLY, AUTUMN, 1958 


The data presented on pages 93 to 97 of the articles are as factual as avail- 
able data permit. It may be noted that table I which compares concentrations 
of strontium 90 in soil, feed and animal bone in 1956 gives concentrations in 


milk in 1958. For comparison the average concentrations measured in milk 
from Mandan during 1956 was 92yyc/liter. 
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The statement that “* * * Sr® in the environment has apparently caused 
pone cancer in at least one wild animal,’ made in the second paragraph of 
the discussion on page 98 is irrelevant, if not misleading, since it refers to a 
muskrat which lived at the edge of a basin used to remove radioactivity from 
a small stream flowing on land owned and controlled by the AEC. Concentra- 
tions of strontium 90 in the bottom of the basin were from 10,000 to 100,000 
times as high as any which have resulted in soil from fallout, and concentra- 
tions in the skeleton of the muskrat were far higher than those found to pro- 
duce bone cancer in experimental animals. It seems unlikely that concentra- 
tions of strontium 90 in the bones of children will be as high as in the milk 
they drink. Observed skeletal concentrations in children have been about one- 
fourth those in milk. The single bone sample from a young child in North 
Dakota analyzed thus far contained a smaller concentration of strontium 90 
than might have been expected on this basis. However, normal variation 
from one individual to another is too great to draw any conclusion from a 
single sample. 

The “maximum level of beta radioactivity for drinking water” referred to 
by Dr. Pfeiffer is recommended for use when the composition of the radio- 
activity is totally unknown and is not applicable to fallout as it occurs in 
rainwater and drainage systems. It is, in fact, based on the assumption 
that the activity is almost entirely due to strontium 90, the only beta emitter 
listed in Handbook 52 with a maximum permissible concentration in water 
as low as 100 micromicrocuries per liter. Numerous radiochemical analyses 
of strontium 90 in rainwater and rivers indicate that generally less than 1 
or 2 percent of the total activity is due to strontium 90. 


Concentrations of Sr in human bones from North Dakota 


8. U. 
gms ash | TotalCa| Total Sr (upe Sr*/ 


NoTtE.—Date of death for these samples was about mid-1958. 


A STATEMENT BY THE GREATER St. Louis COMMITTEE FOR NUCLEAR INFORMATION 
ON THE STRONTIUM 90 CONTENT OF MILK, PREPARED AT THE REQUEST OF THE 
St. Louts Datry CouNcIL, JANUARY 26, 1959 


Recent analyses, which show that milk in the St. Louis area contains more 
Strontium 90 than is found in milk from other tested areas, is causing some 
public concern. Believing that such concern can only be met by an accurate 
statement of facts, the St. Louis Dairy Council has requested the Greater St. 
Louis Committee for Nuclear Information to prepare a statement about this 
problem. The committee for nuclear information is an organization devoted to 
the collection and dissemination of information on nuclear matters. The state- 
ment was prepared for the committee for nuclear information by three of its 
members, Dr. Walter C. Bauer, instructor in surgical pathology at the Washing- 
ton University School of Medicine; Dr. Barry Commoner, professor of plant phys- 
iology at Washington University; and Dr. Eric Reiss, assistant professor of 
medicine and preventive medicine at the Washington University School of Medi- 
cine, in consultation with Dr. James King, director of the Department of Pedi- 
atries, St. Louis University School of Medicine; Dr. William G. Klingberg, asso- 
ciate professor of pediatrics at the Washington University School of Medicine; 
Dr. Walter Schlesinger, director of the Department of Microbiology, St. Louis 
University School of Medicine; and Dr. Park J. White, director of pediatric 
service at the Homer G. Phillips Hospital. The statement follows: 

“Strontium 90, a radioactive substance produced by atomic explosions, has 
been falling on the earth since 1945, and especially rapidly since 1954. Addi- 
tional strontium 90 from past explosions will continue to reach the earth for a 
humber of years because a considerable part of the strontium 90 is held up in the 
stratosphere and comes down slowly. 
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“The deposition of strontium 90 on the earth is affected by a number of var. 
iable factors, including seasonal changes in the behavior of stratosphere current, 
rain, and snowfall. As a result, the rate of strontium 90 deposition fluctuates 
from time to time and from place to place. Like all radioactive substances stron- 
tium 90 decays with time. The strontium 90 present in the stratosphere or on 
the earth loses half of its radioactivity every 26 years. From the combined ef- 
fects of stratospheric holdup, the decay process, and variable influences on the 
rate of fallout, it can be predicted that the amount of strontium 90 resulting from 
past atomic explosions that reaches the earth will continue to rise in an irregular 
way and reach a maximum in 1970-75. The average amount of strontium 90 on 
the earth at that time will probably be about two to three times the amount 
present in 1958. Thereafter, it will decline gradually over the course of many 
years. 

“Once on the earth’s surface, strontium 90 enters into the complex chain of 
chemical and biological processes involved in the production of food. Being 
chemically similar to calcium, strontium 90 follows it through the food chain. 
Calcium is found in the soil, from which it is absorbed by plants, and enters the 
bodies of animals that eat the plants. In animals and humans, calcium is re 
quired to form bones, teeth, and milk. In the United States, the greater part 
of our required calcium is obtained from milk and milk products, the remainder 
being supplied by vegetables, cereals, and fish. Along with calcium, strontium 
90 is now found in varying amounts in soil, plants, milk, and in the bones and 
teeth of animals and humans. 

“The U.S. Public Health Service has been measuring the amount of strontium 
90 in milk in the St. Louis area at monthly intervals since April 1957. Strontium 
90 content is measured in relation to the amount of calcium. A strontium 90 unit 
is 1-millionth of a millionth of a curria of strontium 90 per gram of calcium 
In April 1957, St. Louis milk contained 6:5 strontium 90 units. The last re 
ported analysis—for September 1958—showed 15.4 units. This increase is 
expected from the factors already described and is expected to continue for the 
next 10 to 15 years, after which the amount will decline if no further explosions 
occur. Milk is not unusual in this respect. All foods that have been studied 
show similar amounts of strontium 90 relative to their calcium contents. The 
strontium 90 content of milk has been studied most thoroughly because it is the 
most important dietary source of calcium, and is therefore also the largest 
dietary source of strontium 90. 

“All radioactive materials are hazardous and in sufficient amounts may cause 
harmful medical effects. The expected hazard from strontium 90 is not known 
precisely, because the substance is so new that medical experience with it is 
lacking. However, a rough estimate of the hazard can be made by comparison 
with the better known effects of radium, which also concentrates radioactivity 
in the bone. The International Committee on Radiological Protection has estab- 
lished such an estimate, which is called the maximum permissible concentration. 
This is the amount of strontium 90 which, if held in the body for a lifetime, can 
probably be tolerated without expectation of detectable medical damage. At 
present, the maximum permissible concentration for the general population is 
set at 80 strontium 90 units. This means that an individual can acquire one 
maximum permissible concentration of strontium 90 only by using during the 
entire period of bone growth (about 15 years) a dietary source of calcium which 
contains enough strontium 90 to deposit 80 strontium 90 units in the bone. 
What matters is not the strontium 90 content of the food at any one time, but 
the average level over the whole 15-year period. It is not yet known exactly 
what portion of the dietary strontium 90 is taken up by the body it may be as 
little as one-half or as much as all of the strontium 90 found in the food. 

“Every person who exceeds the maximum permissible concentration will not 
automatically become sick. If on the average a large group of people exceed 
the maximum permissible concentration for strontium 90, we may expect detecta- 
ble evidence of disease in a noticeable proportion of the population. 

“St. Louis milk showed a yearly average for the period August 1957—August 
1958 of 10.7 strontium 90 units. This represents about one-eighth of the num- 
ber of strontium 90 units (80) that is presently designated as the maximum 
permissible concentration. To estimate the ultimate effect of milk strontium 90 
on the amount of strontium 90 that the body will accumulate, we need to recall 
that (1) the strontium 90 level of milk is expected to rise twofold to threefold in 
the next 10 to 15 years, (2) not all of the food strontium 90 will remain in the 
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body, and (3) many of the factors that affect our estimate of the strontium 90 
hazard are very poorly understood. These factors include: 

“(a) The exact rate at which the strontium 90 held in the stratosphere comes 
down to earth is not accurately known. 

“(b) There are considerable variations in the amount of strontium 90 deposited 
in different geographical areas; many of the reasons for these variations are 
not known as yet. 

“(c) The exact process whereby strontium 90 enters plants has not yet been 
worked out; the relative amount of strontium 90 that enters by way of the roots 
or from rainfall on leaves affects the total strontium 90 taken up by the plant. 

“(d@) Various agricultural practices may influence the proportion of strontium 
90 in feed that ends up in a cow's milk. Cows tend to reject a portion of the 
dietary strontium 90, but the factors that influence this process are not under- 
stood. 

“(e) It is not yet known whether there is a threshold level of radiation which 
can be absorbed by the body with absolutely no expectation of harm. If a 
threshold exists, very low levels of radiation might be altogether harmless. 
If there is no threshold, any amount of radiation, however slight, increases the 
chance of medical harm. 

“(f) The exact proportion of strontium 90 in food which ends up in the teeth 
and bones is not known, nor is it understood how it may vary with changes in 
diet and bodily activity. 

“(g) The maximum permissible concentration is only a rough estimate of how 
much strontium 90 may be harmful. During the past 10 years, as knowledge of 
the harmful effects of radiation has advanced, the maximum permissible con- 
centration has been successively reduced on three occasions, so that it now 
stands at a level which is one-sixteenths of that accepted 10 years ago. There 
is evidence that the present maximum permissible concentration may have to 
be reduced further; this would have the effect of increasing our expectation of 
harm from a given amount of strontium 90. 

“In the face of these uncertainties about the strontium 90 problem, we cannot 
now predict whether or not this situation will be completely free of future harm. 
So little is known about the problem that any of the above estimates may be 
5 to 10 times too high or too low. If all the unknown factors work out favor- 
ably, the strontium 90 content of milk will be of negligible significance. If most 
of these factors work out unfavorably the ultimate level of strontium 90 might 
reach the maximum permissible concentration, and some medical harm might 
result from the strontium 90 absorbed by children now growing up. It may 
take years before we know what danger exists. 

“Being an essential food for all children, milk must not be eliminated from 
the diet. Despite present uncertainties regarding the possible effect of stron- 
tium 90 on future health, normal milk intake should not be reduced. A decrease 
in milk consumption would probably have no effect on strontium 90 absorption, 
but might adversely affect health. 

“In view of these observations, prudence requires that research be undertaken 
to increase our knowledge of the strontium 90 hazard and to find ways for reduc- 
ing the strontium 90 content of milk. As soon as practicable, the results of 
research on lowering strontium 90 content should be applied to the milk supply.” 















{For release Apr. 25, 1959] 


From: Greater St. Louis Citizens’ Committee for Nuclear Information—Mrs. 
Roberts 


Dr. Barry Commoner, vice president of the Greater St. Louis Citizens’ Com- 
mittee for Nuclear Information, today issued a committee statement regarding 
reported revisions in the estimates of hazards from strontium 90. 

The statement issued by Dr. Commoner on behalf of the committee follows: 

“The Greater St. Louis Citizens’ Committee for Nuclear Information has 
investigated recent reports regarding revisions in the estimates of the stron- 
tium 90 hazard. These reports have been interpreted to mean that the per- 
missible strontium 90 level for the general population has been doubled. 

“The committee has investigated this matter and finds that this interpretation 
is unwarranted. The correct conclusion to be drawn from the new revisions 
of the estimated hazard is that the maximum permissible level of strontium 90 
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for the general population is to be reduced at least to two-thirds of the former 
value. 

“Evaluation and revision of radiation safety standards are in the hands of 
the International Committee on Radiological Protection. The current reports 
refer to a new handbook to be issued by the National Committee on Radiation 
Protection and Measurements, which is affiliated with the international body. 
These groups meet periodically to reconsider available knowledge about the 
effects of radioisotopes. In recent months both national and international com- 
mittees have been revising their recommendations on the tolerable amounts for 
240 radioactive materials, including strontium 90. 

“The new national committee handbook sets forth the estimated amount of 
Sr” which may be absorbed by the body and carried for a lifetime without the 
expectation of harm when exposure to the radioisotope occurs under occupa- 
tional conditions. It does not make any recommendations regarding permissible 
levels for the general population. 

“The international committee, however, does make recommendations regard- 
ing permissible levels for the general population. The levels are lower than 
for the occupational groups. Revisions have been made both in the occupa- 
tional standards and in the factors which are to be used to convert these 
standards into value applicable to the entire population. Since the general 
population includes especially sensitive individuals, such as children and preg- 
nant women who, unlike atomic workers, are not under constant medical super- 
vision, lower permissible levels are used. 

“According to the revised reports, the permissible amount of strontium 90 
that may be accumulated in the bodies of occupational groups has been doubled. 
However, at the same time the international report states that: 

“In view of the uncertainties as to the dose-effect relationships for somatic 
effects it is suggested that for planning purposes the average concentration of 
such isotopes, or mixtures thereof, in air or water, applicable to the population 
at large, should not exceed One-thirtieth of the maximum permissible concentra- 
tion value for continuous occupational exposure given in the report of com- 
mittee II.” (Quoted from “The Recommendations of the International Com- 
mittee on Radiological Protection.’ Published by Pergamon Press, London, 
1959.) The report was adopted by the committee on September 9, 1958. 

(Somatic effects include radiation-induced cancers, which may result from 
the absorption of sufficient strontium 90. The report of committee II lists the 
maximum amounts of 240 radioisotopes, including strontium 90, which are per- 
mitted in the bodies of persons exposed under occupational conditions. ) 

The suggested one-thirtieth reduction recommended in the new international 
report replaces the previous recommendation that permissible occupational levels 
be reduced to one-tenth when applied to the general population. If both of the 
new recommendations are taken into account, the new value for the maximum 
permissible concentration of strontium 90 in the general population is reduced 
to two-thirds of the value based on the old recommendations. 

Another type of calculation leads to the conclusion that the maximum con- 
centration of strontium 90 in milk and other foods permissible for consumption 
by the general population ought to be reduced from the present level of 80 
micromicrocuries of strontium 90 per liter to 33 micromicrocuries per liter. The 
new report of the national committee recommends that for occupational groups, 
the allowable level of strontium 90 in water—which is used as the basis for 
establishing permissible levels in milk—be increased from the present value of 
800 micromicrocuries per liter to 1,000 micromicrocuries per liter. If this new 
value is reduced thirtyfold, in keeping with the recommended ratio between 
occupational and general population exposures given in the new international 
report, the new maximum permissible concentration of strontium 90 in milk for 
the general population ought to be 33 micromicrocuries per liter. This repre 
sents a significant reduction from the present value of 80 micromicrocuries per 
liter. 

Recent statements that the strontium 90 level permitted in the general popula- 
tion has been doubled arise from apparently incomplete knowledge of the re- 
visions which have bee recommended by the international committee. 

The CNI pointed out that confusion may have resulted from the use of the new 
occupational levels mentioned in the national report without considering the 
new population factor suggested in the international report. 
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(The following correspondence relates to an article on p. 1940:) 


CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIC DNERGY, 
March 5, 1959. 
Mr. A. R. LUEDECKE, 
General Manager, U.S. Atomic Energy Commission, 
Washington, D.C. 


Deak Mr. LUEDECKE: A copy of the March issue of Consumer Reports contains 
a rather full discussion of the fallout-in-milk problem, based on a study con- 
ducted for the Consumers Union. Since the publication acknowledges AEC co- 
operation, I’m sure you or officials of the Biology and Medicine Division are 
aware of the article. 

I would appreciate receiving for Joint Committee use a Commission review of 
the subject matter, its authenticity, an evaluation of its conclusions, and any 
other comments you deem appropriate. 

Yours truly, 
JAMES T. RAMEY, Evecutive Director. 


ATOMIC ENERGY COMMISSION, 
Washington D.C., April 1, 1959. 

Mr. JAMES T. RAMEY, 

Executive Director, Joint Committee on Atomic Energy, 

Congress of the United States. 


Dear Mr. Ramey: In reply to your request of March 5, 1959, our Division of 
Biology and Medicine has reviewed the discussion of the fallout in milk con- 
tained in the March issue of Consumer Reports and has provided the following 
comments. 

The report on strontium 90 in milk by Consumer’s Union is very well done, 
considering the difficulties faced by such an organization in evaluating technical 
problems outside its past areas of activity. It represents, we believe, a valuable 
contribution to public discussion of the subject. 

Our most important disagreement with the statements made by Consumer’s 
Union is in connection with the discussion of the meaning and basis of “maxi- 
mum permissible limits.” We do not consider, as stated in the fourth para- 
graph of page 104, that “* * * any ‘permissible’ level obviously is predicated on 
the assumption that there is a threshold dose for strontium 90 below which 
any effects are insignificant.” It is our understanding that, while individual 
members of the National Committee on Radiation Protection and Measurement 
and the International Commission on Radiological Protection may either con- 
sider it likely or unlikely that thresholds do exist, recommendations of maximum 
permissible levels are made on the cautious assumption that there are no thresh- 
olds for at least some of the biological effects of strontium 90. Rather, the 
“maximum permissible body content’ is a level at which the risk of a serious 
biological effect to any individual is not necessarily zero, but is considered to 
be too small to be of serious concern. This means that we cannot say with 
confidence that no person in a large population will suffer a serious effect from 
strontium 90 at or below recommended maximum permissible levels, but, rather, 
that ill effects in a population from such levels are sufficiently small to be ac- 
ceptable if there are reasons to accept any risk from the activities from which 
these risks result. 

It appears probable that, if thresholds for somatic effects of strontium 90 in 
the body were established, these thresholds would be much higher than currently 
recommended limits for exposures of the general population; and that, if we 
had sufficient information to permit radiobiologists to agree with confidence that 
such thresholds exist, high “permissible limits’ might be appropriate. 

We do not agree in detail with a number of statements made in the report. 
However, some of these lie within the range of current opinion on the subjects 
discussed, while others involve relatively unimportant inaccuracies. Of particu- 
lar interest in the analogy to bacterial contamination which we consider to be 
very misleading. Because the relative freedom of milk from contamination is 
dependent upon day-to-day control of conditions of production, it is extremely im- 
portant that these be checked with each producer of milk. Concentrations of 
strontium 90 in milk are, however, largely independent of any measures taken 
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by the producer and are not subject to such large variations in time and place 
as to require the surveillance given bacterial contamination. 

The report gives no indication of exercise of quality control on the laboratory 
doing the analyses. While the results reported by the Consumer’s Union differ 
somewhat from results found by the U.S. Public Health Service in the same 
areas, the differences are probably no larger than is to be expected from differ. 
ences in sampling techniques and possible errors in analysis. 

I trust that this is the information which you desired. If you have questions 
on any specific part of the report, we will be glad to reply to them. 

Sincerely yours, 


A. R. LUEDECKE, General Manager. 


CONGRESS OF THE UNITED STATEs, 
JOINT COMMITTEE ON ATOMIC ENERGY, 


March 5, 1959. 
Dr. LERoY BURNEY, 


Surgeon General, Public Health Service, 
Department of Health, Education, and Welfare, 
Washington, D.C. : 


DEAR Dr. Burney: A copy of the March issue of Consumer Reports contains 
a rather full discussion of the fallout-in-milk problem, based on a study con- 
ducted for the Consumers Union. Since the publication acknowledges Public 
Health Service cooperation in the study, I’m sure you or officials of the PHS 
are aware of the article. 

In view of the growing interest in this general subject and the announced 
intention of the Joint Committee’s Subcommittee on Radiation to hold hear- 
ings later this year on fallout, I would appreciate your review of the subject 
article with appropriate comments on its authenticity, conclusions, and findings. 

Sincerely yours, 
JAMES T. RAMEY, Ezecutive Director. 


DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE, 
PuBLIc HEALTH SERVICE, 


Washington, D.C., March 17, 1959. 
Mr. JAMES T. RAMEY, 


Executive Director, Joint Committee on Atomic Energy, 
Congress of the United States, Washington, D.C. 


Dear Mr. RAMEY: I appreciate your request of March 5, 1959, for our com- 
ments on the March issue of Consumer Reports related to fallout in milk, 
since the publication mentions the Public Health Service. 

Some months ago, when the Consumers Union indicated their interest in 
this matter, at their request we made our data available to them, and con- 
currently pointed out seme of the difficulties inherent in a study of this type, 
particularly in view of their plans to limit the study to one sample at each 
location. However, recognizing these difficulties, they went ahead with the 
study. Prior to the publication of their report, they asked for our comments, 
but, in view of the nature of the article, our technical personnel thought it 
would be in the best interests of all concerned to limit our comments to those 
areas particularly related to the Public Health Service data. I am attaching 
a copy of our letter which was written at that time to the editors of Consumer 
Reports. 

We recognize that this article has many health and economic implications of 
possible concern in national policy formulation. In the short time available to 
us for its review, we could only check the data related specifically to our activi- 
ties in this area. This was substantially correct. The scientific development 
of permissible radiation burden, the special hazard of strontium 90, and the 
uncertainties involved in definitive conclusions reflect the factors generally 
brought to our attention by our scientific advisers. Some of the weaknesses in 
our present program, such as lack of coverage, are well recognized by both 
our advisers and our staff personnel. The generally unsatisfactory nature of 
the present standards, in view of the national need to consider continuing the 
weapons testing program, has a high priority in our thinking. 
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It would appear to be improper to discuss the relative roles of the Atomic 
Energy Commission and the Public Health Service as expressed in this docu- 
ment in view of the fact that Mr. Holifield suggested at the recent hearing on 
radioactive waste disposal that we should discuss this matter within the 
administration, and steps have been taken to work with the Atomic Energy 
Commission, both directly and through the Bureau of the Budget, to consider 
a more effective system of health protection for our Nation. At the technical 
level we are continuing to provide the Atomic Energy Commission with all of 
the data we collect which is related to this and associated problems as rapidly 
as it becomes available. Concurrently, they are supplying some of the funds 
that make certain of our activities possible and are including our data on milk 
and other environmental factors in some of their reports. 

Sincerely yours, 
JoHN D. PORTERFIELD, 
Acting Surgeon General. 


JANUARY 20, 1959. 
Mr. IRVING MICHELSON, 
Assistant Technical Director, Consumers Union, 
Mount Vernon, N.Y. 

Dear Mr. MicHetson: Your letter of January 9 transmitting your draft re- 
port on strontium 90 in milk is appreciated. 

We have read this report with a great deal of interest and appreciate its 
broad scope and interest in the biological as well as the physical variables 
involved in this important matter and its integration into the total radiation 
exposure and total nutritional concept. We have not had an opportunity to 
check all of the individual numbers and calculations on account of time limita- 
tions. We have found but one discrepancy in the figures related to the Pub- 
lie Health Service data. The Public Health Service and Lamont Laboratory 
figures may be reversed since our average for the period was 6.0 puc/!1. 

The units used above bring up a point that we would like you to reconsider: 
that is the use of the strontium unit as the basis of your presentation. While 
it is our opinion that the strontium unit offers many advantages in dealing 
with the question of strontium 90 in milk, it concurrently can create many addi- 
tional calculation and laboratory problems when an effort is made to integrate 
milk and other nutritional data with radioactivity in water and air. It will 
benecessary to record variable levels for strontium intake in terms of strontium 
units not only on the basis of the variation in the strontium per se but also 
on the basis of variations in the calcium content of the material. If we had 
sufficient data on all elements of the diet, it might be possible to suggest the 
most appropriate units. This data is not available at this time. Therefore, 
we have chosen to utilize the units recommended by the National Committee 
on Radiation Protection and Measurements: namely, puc/l. It can easily be 
shown that the use of the strontium unit when applied to water supplies with 
low calcium content could create fear in the minds of large segments of the 
public. For this reason, we would appreciate it if you would record the Pub- 
lic Health Service data in terms of micromicrocuries per liter as well as 
strontium units. As a corollary to this, all interested groups would be able to 
evaluate your data in the context of existing NCRP standards. I am enclosing 
a copy of our milk data for your use if you wish to bring this portion of the 
report up to date. 

Since your report was written we have extended our testing bases to a 
total of 10 cities. We concur that it is highly desirable from a public health 
standpoint that means be found to increase the breadth and depth of the 
sampling process, and our basic program is directed to assisting the States 
to undertake as much of this analytical work as possible. 

Sincerely yours, 
Francis J. Weser, M.D., 
Chief, Division of Radiological Health. 
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[Reprinted from Student Life, Washington University, St. Louis, Dec. 19, 1958] 


Tue Hazarp oF FALLOUT—NUCLEAR BomsB Test PoLicy SHOULD BE Decipgp 
BY ALL 


(Barry Commoner, Professor of Botany, Washington University ) 


Certain Government policies call for the occasional explosion of nuclear 
weapons for experimental purposes, and their contemplated use in war. All 
citizens need to decide whether or not they approve of these policies. This 
requires that we weigh the benefits derived from present nuclear policies against 
their hazards. The military and political needs that our nuclear policies are 
supposed to answer are under constant discussion. 

My purpose in this article is to present the facts required to estimate the 
biological hazard that results from the present policy of conducting experi- 
mental nuclear explosions. I write with the conviction that this decision should 
not remain in the hands of Government officials, or of scientists—but that the 
judgment rightfully belongs to every person that inhabits the earth. 


THREE POWERS 


Three nations—the United States, the Soviet Union, and Great Britain—have 
been exploding nuclear weapons. Three bombs were exploded by the United 
States in 1945—one in a New Mexico test and two over Japanese cities—and 
since then, hundreds more have followed. Except for the two weapons used in 
Japan, all were exploded with no intention to harm anyone. 

Certainly in all American tests great precautions have been taken to see that 
no one would be hurt. The only people hurt as an immediate consequence of 
these tests—such as the Japanese fishermen and the Marshall Islanders who 
were near one of our Pacific tests—were caught in unexpected local fallout 
resulting from a shift in wind direction. 

The question that now agitates people all over the world is how much un- 
intentional, and possibly unanticipated harm, will result from radioactive fall- 
out that these explosives have spread to every part of the globe. 


RADIATION PRODUCED 


Every nuclear explosion produces large amounts of radioactive materials. In 
atomic fission bombs some of the fragments produced when the atoms are split 
are radioactive elements, the most important being strontium 90. It is impor- 
tant because it represents the most serious health hazard in: fission-produced 
fallout. Another radioactive element, carbon 14, is produced less directly. 

The radiation given off by a nuclear explosion includes neutrons, which collide 
with ordinary atoms of nitrogen in the air and converts them into carbon 14. Be- 
cause of its very long radioactive life—more than 10,000 years, and its impor- 
tance in all forms of life, carbon 14 is also an important part of the nuclear health 
problem. At the moment we know much more about strontium 90 than we do 
about other forms of fallout radioactivity and in what follows I shall deal mainly 
with this element. 

To judge the health hazard resulting from the 200-odd nuclear explosions we 
need to know how much radioactivity is produced, where it goes, how much 
reaches humans, and how much harm will result from human absorption of 
this amount of radiation. In the past few years detailed scientific studies of 
these problems have become available, although our areas of ignorance still 
greatly exceed what is known about fallout. 


BAND OF FALLOUT 


The mushroom cloud formed in a nuclear explosion pushes the radioactive 
material high above the earth into the stratosphere. Until a few years ago it 
was believed that once in the stratosphere the radioactive cloud was spread 
evenly around the globe. Now we know that this is not true. Instead, no 
matter where the explosion takes place, most of the radioactivity comes to lie 
in a band which circles the globe in the Temperate Zone at about 30-60 degrees 
north latitude. 
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The major cities of the world lie under this band; New York, London, Berlin, 
Moscow, Peiping, Tokyo and also St. Louis. The part of the globe which lies 
under this concentrated band of radioactivity includes 80 percent of the people 
that live on the earth. 

From here it comes down very slowly ; it takes about 10 years after the bomb 
explodes for all of it to reach the earth. It descends by mixing with moisture in 
clouds, finally coming to earth dissolved in rain or snow. Regions with heavy 
rain or snowfall tend to get mose fallout radioactivity. 


CONTINUING EFFECTS 


Like all radioactive elements, strontium 90 gradually loses its radioactivity, 
taking about 30 years to lose half of what it started with. This means that for 
perhaps 10 or 15 years after a nuclear explosion the strontium 90 which it pro- 
duces will continue to come down to the earth and will for some dozens of years 
continue to give off radioactivity. 

To find out how much strontium 90 is reaching the earth from fallout, the 
Atomic Energy Commission and other laboratories have set up collection stations 
in various parts of the world. For example rain and snow collected in New 
York City showed no strontium 90 before atomic explosions began but then rose 
steadily ; the most recent available measurements made in May 1958 shows about 
40 millicuries of strontium 90 radioactivity per square mile. Even if no more 
tests take place, strontium 90 will continue to fall on the earth for 10 to 15 years. 

What happens when strontium 90 is deposited on the earth depends on its 
chemical similarity to calcium, a substance which is found in the soil and which 
is used by animals and plants. Calcium is absorbed from the soil by plants, and 
animals obtain the calcium that they need by feeding on the plants. Animals 
require calcium mainly for the growth of bones and teeth; in cows much of the 
calcium appears in the milk. Human beings obtain their required calcium 
largely by drinking milk, but also from vegetables, cereals, or fish. 


SIMILAR TO CALCIUM 


Wherever calcium occurs we find strontium 90 as well. Being chemically 


similar to calcium, strontium 90 follows calcium from the soil into plants, into 
animals and through milk and other foods into human beings. 

As the soil accumulates an increasing burden of strontium 90, the amount in 
plants goes up and with it the amount that we find in the milk of cows that 
feed on these plants. Because milk is such an important food its strontium 90 
content has been studied in a number of places in the United States and 
elsewhere. 

In some places such as New York the strontium 90 content of milk has been 
rising gradually and during the summer of 1958 reached four to five micro- 
microcuries of strontium 90 per liter. In other parts of the country, the stron- 
tium content of milk has gone up considerably faster and fluctuates more widely. 


ST. LOUIS SECOND 


Of the 10 or so areas of the United States that have been studied 2 stand 
out as exhibiting the most rapid increase in milk strontium 90. One of these 
is at Mandan, N. Dak., where milk reached a value of 29 micromicrocuries of 
strontium 90 per liter last summer. The second highest reports of milk stron- 
tium 90 come from St. Louis where in November 1958 milk contained 20.1 micro- 
microcuries of strontium 90 per liter. No one really knows why the strontium 90 
content of milk varies so much from month to month and from place to place. 

How much strontium 90 are humans absorbing from food? Unfortunately, 
very little is known about the actual amount of strontium 90 that human beings 
have taken up. Only a few hundred samples of human bone have been analyzed 
for strontium 90 thus far and these come from scattered areas all over the world. 

In the absence of detailed information one can make some theoretical esti- 
mates based on our much more extensive information on the amount of stron- 
tium 90 in the diet and our knowledge of how calcium—and strontium 90—pass 
from the diet into human bones and teeth. 
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MAINLY WITH CHILDREN 


The uptake of strontium 90 by bones and teeth occurs chiefly when they are 
growing so that the problem mainly has to do with children. The ratio of the 
strontium 90 content of food to the resultant concentration in the bones is not 
well known. On the whole the strontium 90 content of bones will be not legs 
than half, but may be the same as the concentration of strontium 90 that exists 
in the diet which a child eats during the time when the bone is being formed. 
For example, a child raised on milk averaging 10 strontium units would be 
expected at maturity to have in its bones about 5 to 10 units of strontium 90, 

Estimates of this kind are very rough and do not take into account the great 
variability among different individuals. How great individual variations in 
strontium 90 uptake can be is clear from even the few available measurements 
of the amount of strontium 90 in the bones of different humans. 

The most complete study of the amounts of strontium 90 in children’s bones 
available thus far shows that of every 1,000 children 4 will contain in their 
bones 10 times the average amount of strontium 90. When one deals with the 
entire population of the earth, even such a small proportion becomes a rather 
large number. 

HOW HARMFUL? 


How harmful is the strontium 90 that comes to rest in the bones and teeth? 

There is no simple answer to this question. Since strontium 90 is so new we 
do not yet have any direct medical experience with its effects. Damage to 
humans might take 30 to 40 years to show up. At that time, if a wide public 
health survey were done on the health of the pople who comprise the present 
generation of children, we would find out what the damage has been. 

In the absence of this information an estimate of the hazard can be made by 
comparing the amount of strontium 90 radioactivity expected to accumulate in 
bones with previous medical experience on the effects of other radioactive 
materials. 

MEDICALLY LIKE RADIUM 


Medically the material most closely resembling strontium 90 is radium. Like 
strontium 90, radium is radioactive, seeks out the bone, and remains there 
through the lifetime. Unfortunately, there are people who have eaten sig- 
nificant amounts of radium. Most well known are the case histories of about 
100 women, who in the 1920’s worked as dial painters in a New Jersey radium 
watch dial factory. 

These women made tips on the paint brushes with their lips, and in that 
way absorbed varying, but largely lethal, amounts of radium. Their cases have 
been followed, and the medical damage which they suffered—bone diseases and 
various types of cancer—have been compared with measurements of the 
amounts of radium radioactivity found in their bodies. 

From this experience it is possible to make a rough estimate of the amounts 
of strontium 90 radiation that might be tolerated in a human’s bones without 
expectation of medical damage. This estimated tolerance level has been estab- 
lished by an internationai group of radiologists (the International Commission 
for Radiological Protection) and it leads to a number called the maximum 
permissible concentration (MPC). 

MPC 


For strontium 90 the MPC is that concentration of strontium 90 in the diet, 
or in the body, beyond which one must not go without incurring the risk of 
observable medical damage. In other words, it is the upper limit which can- 
not be exceeded in safety. 

This does not mean that every person who exceeds the MPC will automati- 
cally become sick. It means that if on the average a large group of people 
exceed the MPC for strontium 90 we may expect in a noticeable proportion of 
the population—the younger and more sensitive individuals—detectable evidence 
of disease. The uncertainties involved in establishing the MPC level are s0 
great that it may easily be five times too high, or five times too low. 

How does the strontium content of the present diet compare with the tolerable 
level established by the MPC? In St. Louis the highest strontium 90 level reached 
up to December 1958 was 20.1 units (for November 1958), and the average during 
the period August 1957 to August 1958 was about 10 units. 
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EIGHTY UNITS MAXIMUM 


The MPC for strontium 90 established by the expert committee is 80 units. 
This means that in November 1958 milk in the St. Louis area reached about 
one-fourth of the maximum permissible strontium 90 concentration. Even if no 
more tests occur, the strontium 90 that will continue to drop out of the strato- 
sphere for the next 10 years will increase the present level two to threefold. 

A child growing to maturity during the next 10 to 15 years in St. Louis may 
be expected to drink milk containing an overall average of about 35 to 50 per- 
cent of the MPC—if there are no more nuclear explosions. At maturity the 
child’s bones would be expected to have a strontium 90 content amounting to 
25 to 50 percent of the MPC. 

There are great uncertainties attached to all of these figures. If all, or most, 
of the uncertainties work out in our favor it will turn out that children now 
growing up in this area will at maturity contain in their bones only a small 
fraction of the maximum permissible concentration of strontium 90. If the 
most of the unknowns turn out in the pessimistic direction, the average child 
may reach maturity carrying a permanent deposit of bone strontium 90 that 
exceeds the maximum permissible concentration, and that can eventually lead 
to medical harm. 

WORLDWIDE EFFECTS 


In the past few years several skillful groups of sicentists have worked hard 
to estimate the effects cf fallout on the entire world population. A U.N. com- 
mittee of international experts—which included several AEC scientists—made 
a 2-year study of the question and published a report in July 1958. 

About a year ago the Biology and Medicine Advisory Committee of the AEC 
reported on it. Earlier a group of about 50 scientists testified on this matter 
before lengthy hearings of the Joint Congressional Committee on Atomic Energy. 
These groups considered what effect fallout may have on the incidence of can- 
cer, and on harmful changes in inheritance. 

Significantly, all of these groups reached about the same conclusions: Fall- 
out from the nuclear explosions completed up to 1957 may be expected to cause 
in the world population something like a 0.2 to 2-percent increase in the number 
of serious genetic effects and a similar increase in the incidence of cancer. If 
one of the present unknown factors—the possibility that at extremely low inten- 
sities radiation will not influence the cancer forming process—turns out In our 
favor, there may be no detectable increase in cancer. At the moment, this is a 
rather unlikely outcome. 

POLITICAL OUTLOOK 


Having reached this point in our efforts to evaluate the hazard from fallout 
radioactivity, we come to the end of the purely scientific matters. The con- 
clusion just described is scientific, but any further interpretation placed upon it 
depends a great deal on what moral or political outlook we wish to support. 
For example, if a 0.2 to 2 percent fallout-induced increase in the natural 
incidence of leukemia is applied to a city where 100 cases of this disease occur 
per year, the annual effect of fallout may be less than 1 additional case. The 
effect of fallout then appears to be negligible. On the other hand, if we are 
concerned with the effects beyond our own city and calculate the expected num- 
ber of fallout-induced cases on a worldwide basis, the effect is not a small one. 
The number of cases of leukemia and bone cancer expected from fallout of 
bombs exploded up to 1957 is between 25,000 and 100,000 per generation of the 
world population. The same calculation leads to the expectation of between 
2,500 and 13,000 cases of serious birth defects in the next world generation as a 
result of this fallout. 
“TRIVIAL” —TELLER 


Dr. Edward Teller and a few other scientists contend that the effect of fallout 
on health is trivial. To support this conclusion Dr. Teller shows that the fallout 
from one large bomb will subtract from the life of the average American only 
three one-hundredths of a day, or about three-quarters of an hour. Most people 
would probably feel that three-quarters of an hour out of their life is an ac- 
ceptably small price to pay for whatever national safety is derived from this 
kind of a test. 

However, a more internationally minded person will remember that the pay- 
ment is made not only by Americans but by everyone living on the earth. The 
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total cost of fallout damage from one bomb to the entire human race is 300,000 
man-years. This is equivalent to 1 year off the life of 300,000 people. It is also 
equivalent to killing 10,000 people at the age of 40. The same calculations show 
that tests concluded up to 1957 will cost in human life more than the battle 
deaths in World War I. 

In this light, Dr. Teller’s statistic is a matter not to be lightly dismissed. 
This shows how easily the same numbers can be rearranged to make a numerical 
conclusion that will give some degree of comfort to quite opposing judgments. 


BEGGING THE QUESTION 


Some perspective can be gained from comparisons with other hazards. For 
those who smoke, the medical hazard due to fallout is probably less than the in- 
creased incidence of disease that results from smoking cigarettes. But this begs 
the question, for no one has yet proposed that we should expose everyone on the 
earth, now and for some generations to come, to the hazard incurred by those 
who now choose to smoke. 

It is also helpful to look for possible trends in the recent history of the 
scientific evolution of the fallout hazard. Do our expectations become more 
optimistic with time or does new knowledge add to our pessimism regarding 
the expected medical effects of fallout? 

In 1956 Commissioner Libby of the AEC published a detailed paper (Proc. Nat. 
Acad. of Sciences, June 1956) in which he predicted the future course of the 
strontium 90 problem. He predicted that fallout from the tests carried out 
to that date would reach a maximum in 1970 after which the radioactivity would 
decline slowly due to the decay of strontium 90. He predicted that for the 
United States the 1970 maximum would be 7 millicuries of strontium 90 per 
square mile. But in May 1958, AEC analysis of strontium 90 fallout over New 
York City gave a figure of 43 millicuries of strontium 90 per square mile and 
by 1970 it will be considerably higher. 


PREDICTIONS WRONG 


Libby predicted that in 1970 milk in the United States would reach a maxi- 
mum level of about 8.4 strontium 90 units. Recall that in November 1958 St. 
Louis milk had already reached the level of 20.1 strontium units, and milk at 
Mandan, N. Dak., was even higher. And, according to Dr. Libby’s estimates, 
milk radioactivity will increase twofold or threefold between 1958 and 1970. 

Thus predictions made only 2 years ago turn out now to be overoptimistic. 
This trend has been a general one as the following examples show : 

The distribution of fallout over the earth.—In 1953, the assumption was made 
in AEC publications that fallout would be evenly distributed over the globe so 
that no restricted area would receive an excessive amount. In 1956—57 a con- 
troversy developed over this matter. The AEC view was challenged by a U.S. 
Weather Bureau expert who claimed that fallout would concentrate in the 
North Temperate Zone, and so expose the great buik of the worid population to 
a level of radioactivity several times higher than the level predicted by the 
theory of even distribution. In 1958 the actual measurements of fallout dis 
tribution showed that the AEC’s original idea was wrong, and that a consider- 
able concentration of fallout existed in the 30° to 60° north latitudes. 

The proper choice of maximum permissible concentration.—In all AEC state 
ments up to January 1957, the hazard of fallout was judged against the maximum 
permissible concentration (MPC) established for use with respect to workers in 
atomic plants. Since these workers are under constant medical supervision 
and can be removed from contact with radioactivity if they develop any signs 
of damage, the International Commission allows an MPC which is 10 times more 
liberal than the MPC allowed for ordinary populations. 

In 1956-57, controversy arose on this point, with the AEC continuing to use 
the more liberal occupational MPC even where populations were concerned 
while other scientists preferred to use the more conservative MPC. In January 
1957, the AEC abandoned the use of liberal MPC for populations and applied 
the 10 times more conservative value that had been urged by independent 
scientists. 

Dietary factors affecting strontium 90 absorption—In the 18th Semiannual 
Report of the AEC, published in 1953, the AEC stated that the only possible 
hazard to humans from strontium 90 would arise from “The ingestion of bone 
splinters which might be intermingled with muscle tissue during butchering and 
cutting of the meat.” No mention of milk was made. 
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By 1956 the AEC acknowledged that strontium 90 was present in milk and that 
this source represented the most serious aspect of the strontium 90 hazard. 
Current reports from AEC and other laboratories show that additional signifi- 
cant amounts of strontium 90 are also being absorbed from vegetables and 
cereals. 

What dangerous isotopes are there in fallout?—Until very recently there was 
universal agreement that the radioactive hazard from fallout was due only to 
strontium 90. Last spring, Prof. Linus Pauling of the California Institute of 
Technology reported, on the basis of calculations derived from new data pub- 
lished by Libby, that in the long run carbon 14, a radioactive element produced 
in especially large amounts in the explosions of so-called clean bombs, repre- 
sented a more serious hazard than strontium 90. Pauling was critized by sev- 
eral scientists working on AEC projects. However, just a few weeks ago, an 
official AEC scientific report on this matter fully confirmed Pauling’s conclusions. 

The genetic hazard from fallout.—In 1953, the 13th Semiannual Report of 
the AEC stated that “Fallout radioactivity is far below the level which could 
cause a detectable increase in mutations, or inheritable variations.” This opti- 
mistic conclusion was challenged by a number of geneticists. In 1957 the report 
of the AEC Biological and Medical Advisory Committee concluded that fallout 
from tests completed to that date would result in 2,500 to 13,000 cases of serious 
genetic defects per year. 

I have recited a series of facts which show that in the recent past the esti- 
mate of the medical hazard from fallout has been consistently underrated. As 
we learn more about fallout, the probable hazardous results of its radioactivity 
appear to be more and more severe. 

These changes have not come about by themselves. A good part of the reexam- 
ination of the fallout problem has come about because beginning in 1955 the 
facts about fallout became available to scientists generally. Before 1953 there 
were no papers published in the scientific journals on the fallout problem, al- 
though Government agencies had been at work in the field for some years. 

In 1955 the National Academy of Sciences began to investigate the problem and 
in 1956 the Academy published a report which emphasized the importance of 
protecting the public against various forms of radioactivity. From then on an 
increasing flow of ‘information about the fallout situation began to appear in the 
scientific journals and in separately published reports. 


DISCUSSION CORRECTIVE 


Most of the reevaluation of the fallout hazard that I have just described has 
come about as a natural result of open scientific discussion of the facts. 

This discussion of the fallout hazard has also brought the issue before the 
public. Until a few years ago, the public had no way of knowing that the little 
information about fallout then allowed to reach the public press was uncertain, 
incomplete, or sometimes in error. Discussion among scientists served to bring 
the whole problem out into the open. 

Since scientists were the first group to become familiar with the facts about 
fallout, it was natural that they initiated the debate on the Nation’s nuclear 
policies. But it is fortunate that the issue has now reached the public gen- 
erally. There is no scientific basis for judging the relative worth of the political 
gains which result from nuclear tests—and the human lives which they cost. 


ETHICAL JUDGMENT 


This is a question which is decided by an ethical judgment derived from po- 
litical aims, religious conviction, or humanistic deals. No scientist can claim a 
superior competence to make the proper judgment. My own conclusion that nu- 
clear tests should be stopped by international agreement, and nuclear war for- 
bidden, is no more or less significant than the judgment reached by any other 
informed person. 

The most important aspect of the nuclear hazard has not yet even reached the 
pages of the journals of science. This is the problem of the biological hazards 
that may result from a full-scale nuclear war. There are practically no data 
available to scientists concerning what might happen to life in the event that a 
nuclear war produced a level of fallout thousands of times greater than any 
anticipated from our present more or less peaceful use of nuclear weapons. 
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REALISTIC LOOK AT WAR 


The recent overoptimism about fallout from testing suggests that the present 
estimates of the casualties expected from a nuclear war, enormous as they are, 
may also be overly optimistic. It is important that this information get into 
the hands of the scientific community so that it can be discussed, made more 
accurate, and modified to the point where it can provide all of us with a realistic 
picture of what a nuclear war would truly mean. 

When this is done, it may turn out that a large-scale war would kill all living 
things on the earth. It seems to me that every human being should know 
whether a declaration of nuclear war is a decision for mass suicide. When 
everyone fully appreciates the destructive power of modern science, there is 
some hope that social morality will see to it that science is used only for those 
creative purposes which are its true goal. 


DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE, 
Pusiic HEALTH SERVICE, 
Washington, D.C., October 3, 1959. 

The Public Health Service reported today on the levels of radioactivity in 
milk collected during July from 11 sampling stations across the country. (See 
also pp. 197, 211, and 227.) 

Both the monthly levels and the longer-term averages for all radioactive 
isotopes analyzed in the milk samples from all stations remained below the 
levels which the National Committee on Radiation Protection and Measurements 
considers permissible for life-time exposure by the general population. 

The levels of radioactivity continued to fluctuate. The strontium 90 count 
decreased in July at all but 2 of the 11 stations. The Fargo, N Dak.-Moorhead, 
Minn., area station showed a strontium 90 content of 22.1 micromicrocuries per 
liter, as compared with 20.6 micromicrocuries per liter in June. In the St. Louis 
area the strontium count was 17.6 micromicrocuries as compared with 11.2 
micromicrocuries per liter in June and 34.6 micromicrocuries in May. 

The maximum permissible concentration of strontium 90 recommended by the 
National Committee on Radiation Protection and Measurements for lifetime ex- 
posure of the general population is 80 micromicrocuries per liter. 

The milk sampling network is part of the Service’s program of measurement 
of radioactivity in air, water, and food. Milk was chosen for study of specific 


isotopes in foods because it is the most practical sample and is produced through- 
out the year in all sections of the country. 


NoTE TO CORRESPONDENTS.—The complete data for July, together with average 
levels for each of the 11 stations, are shown on the attached tables. July data 
were not available from a recently-established station at St. George, Utah, where 
the average level of strontium 90 through June was 6.3. 
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U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE, PUBLIO HEALTH SERVICE 


TABLE 1.—Andalysis summary of samples collected in July 1959 from milksheds 
serving specified areas 


{Micromicrocuries per liter] 


Area Iodine Stron- Stron- | Barium | Cesium 
131 tium 89 | tium 90 140 137 
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| These limits are the maxima permissible limits for lifetime exposure of population groups to specific 
radioisotopes in water and are derived from the current recommendations of the National Committee on 
_— Protection and Measurements. The limits have been generally accepted as being applicable to 
milk. 

?July data not available. 


TABLE 2.—Milk samples—Average levels for period ending July 1959 
{Micromicrocuries per liter] 


Number 
of months}. Iodine /|Strontium/|Strontium| Barium | Cesium 
> 131 89 90 140 137 
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' These limits are the maxima permissible lim'ts for lifetime exposure of population groups to specific 
radioisotopes in water and are derived from the current recommendations of the National Committee on 


—— Protection and Measurements. The limits have been generally accepted as being applicable 
milk. 


‘July data not available. 
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Results of composite samples from Atlanta, Ga., milkshed for period ending 
July 1959 





| 
| Calcium con- 


|} tent (grams Radioactivity in micromicrocuries per liter ! 
per liter) 


| 


os of col- Iodine 131 Strontium 89 | Strontium 90| Barium 140 Cesium 137 
ection | 12- * San cleat neta 


month - 
aver- | 12- 12- 12- 12- 12- 
age |Sam-/ month | Sam-| month | Sam-| month | Sam-/ month | Sam-| month 

ple | aver- | ple | aver- | ple | aver- | ple | aver- | ple | aver- 


. 188 | | 65 
. 154 | 2 i 
220 |... 6 
. 193 | 
214 ice 





. 242 
218 | 
246 | 
181 
. 265 | 

June 11____..} 1. 249 | 

July 11 .113 |} 














| These limits are the maxima permissible limits for lifetime exposure of ee groups to specific 
radioisotopes in water and are derived from the current recommendations of the National Committee on 


Radiation Protection and Measurements. The limits have been generally accepted as being equally 
applicable to milk. 


Strontium 90 
Barium 140 
Cesium 137 





FALLOUT FROM NUCLEAR WEAPONS TESTS 2179 


Results of composite samples from Austin, Tez., milkshed for period ending 
July 1959 


Calcium con- 

tent (grams Radioactivity in micromicrocuries per liter ! 
per liter) 
| 
| 


Date of col- 
lection 12- 
Sam- | month j 
ple aver- 12- 12- 12- - - 
age | Sam-| month | Sam-} month | Sam-| month | Sam-| month | Sam-/} month 
ple | aver- | ple | aver- | ple | aver- | ple | aver- | ple | aver- 
age 


Iodine 131 | Strontium 89} Strontium 90| Barium 140 Cesium 137 





‘These limits are the maxima permissible limits for lifetime exposure of population groups to specific 
radioisotopes in water and are derived from the current recommendations of the National Committee on 
Radiation Protection and Measurements. The limits have been generally accepted as being equally 
applicable to milk. 

Micromicro- 


Iodine 131 
Strontium 89 
Strontium 90 
Barium 140 
Cesium 137 
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Results of composite samples from Chicago, Ill., milkshed for period ending 
July 1959 


Calcium con- 


tent (grams Radioactivity in micromicrocuries per liter ! 
per liter) 


| 


Date of col- Iodine 131 | Strontium 89 | Strontium 90| Barium 140 Cesium 137 
lection 12- a 


| month | - 
| aver- 12- 12- 12- 12- 12- 
age |Sam-|/ month | Sam-/ month | Sam-| month | Sam-} month | Sam-| month 
ple | aver- | ple | aver- | ple | aver- | ple | aver- | ple | aver- 


age 


1958 | 
Aug. 18__-_. .098 |... 43 
Sept. 16 . 161 13 
Oct. 14. .....| 1. 128 | 
Nov. 19......| 1.141 | ne ae 
mee STs... 3g tS eee 8 


1959 
ne | 1.131 Sink 
Feb. 16__. Sa Leben 
Mar. 17.... . 085 
Apr. 10 ‘ . 143 
May 19-.-. . 128 |_. 
June 17__- . 164 | 
July 14 one acGen | 
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! These limits are the maxima permissible limits for lifetime exposure of population groups to specific - UT hy 
radioisotopes in water and are derived from the current recommendations of the National Committee on radiois 


Radiation Protection and Measurements. The limits have been generally accepted as being equally Radiat 
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Results of composite samples from Cincinnati, Ohio, milkshed for period ending 
July 1599 


Calcium con- 


| tent (grams Radioactivity in micromicrocuries per liter ! 
| per liter) 


Date ¢ col- Strontium 89 | Strontium 90/| Barium 140 Cesium 137 
lection 


12- 12- 12- 12- 
month | Sam-| month | Sam-/| month | Sam-| month 
aver- | ple | aver- | ple | aver- | ple | aver- 
age age age 
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! These limits are the maxima permissible limits for lifetime exposure of _——- groups to specific 
radioisotopes in water and are derived from the current recommendations of the National Committee on 
— — and Measurements. The limits have been generally accepted as being equally 
applicable to milk. 
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Iodine 131 
Strontium 89 
Strontium 90 
Barium 140 
Cesium 137 
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Results of composite samples from Fargo, N. Dak.-Moorhead, Minn., milkshed for Reet 
period ending July 1959 
l fl a 
Calcium con- | 
tent (grams | Radioactivity in micromicrocuries per liter ! 
per liter) 
Date of col- | Iodine 131 | Strontium 89 | Strontium 90} Barium 140 | Cesium 137 Oe 
lection 12- | ‘aad scl ta 
Sam- | month | l ed 
ple aver- | 12- 12- 12- 12- | 12 
age |Sam-| month | Sam-| month | Sam-| month | Sam-| month | Sam-| month 
| ple | aver- | ple | aver- | ple | aver- | ple | aver- | ple | aver. 
age | age age | age age 
; | | 19 
1958 | Aug. 1 
bee: 3... 25. 1.116 | 48 |. sd  * ee at WO 4 38 ee 08 15a Sept. 1 
See Te jae ee Paes F | eee t Uy Ree Wet ces 18 |. fae Oct. 15 
Ost. 1.... 1. 215 ; ares ee | eee a ee Nach hbnad OPE cidabtesl @ lee Nov. 1 
i eae | 1. 166 ee ea! i Sa hog chek ae ok cuaiea OP Basu ntieu SB 1.322 Dee. 1 
Dec. 4. ....-- pees dik. 1. ke. Mi Sos 3) 2 LINDE 5 Sad 78h calle 
Dec. 31......| 1. 159 oo] Bt. HOE Ueccc an RBS tehancad Se ecw @ toe 19 
| } } | . 
1959 Feb. 
ee -| 1.135 | Ot Sey OP. 2 £ eee Oe. 1 @iLea Mar. 1 
Mar. 9 | 1. 109 Si...kae P Meet Sh oe 1. E 94.) ited @iiuias | her. i 
Apr. 7 1. 163 , CLw..2255 Te =) 5 a a... ek 4 @ 1238 May Ii 
May 15 1.136 | 1.142 1 | 27 20 62 | 16.2 13.3 0 15 71 | 8 June 
June 12 | 1.153 1. 146 6 24 44 | 59 20. 6 13.7 0 13 90 | 81 July 18 
July 7 -| 1.084} 1.144 | 0] 17] 31 | 50|221| 14.2 0 | 9| 90 76 
| | 
" = ; , 1 Th 
! These limits are the maxima permissible limits for lifetime exposure of population groups to specific radiois 
radioisotopes in water and are derived from the current recommendations of the National Committee on Radiat 
Radiation Protection and Measurements. The limits have been generally accepted as being equally applies 
applicable to milk. 
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Results of composite samples from New York, N.Y., milkshed for period ending 








July 1959 
| 
| Calcium con- 
tent (grams Radioactivity in micromicrocuries per liter ' 
per liter) 
| 
Date of col- | Iodine 131 | Strontium 89} Strontium 90| Barium 140 | Cesium 137 
lection =| 12- | rigdencensiniecal dhiamensamnaxakddeer lh ieksnagnegaaenmienctiinlansaiiiaainiaeii- diesem 
| Sam- | month 
ple aver- 12- 12- - 12- 12- 
age |Sam-| month | Sam-| month | Sam-| month | Sam-| month | Sam-| month 
ple | aver- | ple | aver- | ple | aver- | ple | aver- | ple | aver- 
age age age age age 
1958 | 
| | 1.048 1.079 69 72 41 40 3.3 5.6 23 35 67 53 
Sept. 15.....-| 1. 241 1. 096 10 48 73 39 5.6 5.6 15 25 76 53 
yh: ae } 1.141 1.098 | 61 32 85 36 9.5 5.9 14 13 53 54 
Nov. 15...---| 1.089 | 1.097 35 27 55 38 | 8.8 6.2 30 15 7 56 
| 3 ee 1.114 1.097 9 238 11 37 7.9 6.5 0 15 7 58 
1959 | 
Be Micaqnns 1. 060 1.092 0 23 10 37 6.9 6.6 3 16 65 61 
Bik nen-< 1.115 1. 094 5 23 6 37) 6.5 6.7 0 15 59 62 
Mar. 16.....- 1. 106 1.099 0 23 5 38 | 6.5 6.9 0 15 55 63 
Be We = <= 1. 109 1.101 3 24 7 39 7.6 7.2 0 15 52 63 
May 18...-- 1. 147 1.110 0 22 20 38 | 12.0 7.9 0 14 76 66 
June 15. .-.--- 1. 136 1.114 0 22 23 35 | 14.0 8.2 0 13 65 66 
July 18 .| 1. 035 1.112 12 17 y 29 | 14.6 8.5 0 8 81 66 
! 








1 These limits are the maxima permissible limits for lifetime exposure of population pou to specific 
radioisotopes in water and are derived from the current recommendations of the National Committee on 


Radiation Protection and Measurements. The limits have been generally accepted as being equally 
applicable to milk. 


Micromicro- 
curies 
per liter 
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TTT Ia seems tchinddnititinepubsitaninhetehinitaea tedatinininalaldedandamiapadadaaanasaaimnan iain nada 7, 000 
Sc tcnndndanesranmenducoseunnwes eabeewsseradepenemnieralaghbhammaanmmaaanaaaa a 80 
I I 6 csc cnc coc mira cw te xsncninsen cn esto acs tei eo atip-b pie cele times scnelene ar 200, 000 
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Results of composite samples from Overton, Nev., milkshed for period ending 
July 1959 (available to date) 


Calcium con- 


tent (grams Radioactivity in micromicrocuries per liter ! 
per liter) 


Date of col- Todine 131 Strontium 89 | Strontium 90; Barium 140 Cesium 137 
lection 


5- iii 
month 
aver- 5 5- 5- 5- 
age |Sam-| month | Sam-| month | Sam-| month | Sam-/ month | Sam-| month 
ple | aver- | ple | aver- | ple | aver- | ple | aver- | ple 
e e age 


July 13 - ta 





1 These limits are the maxima permissible limits for lifetime exposure of ae groups to specific 
radioisotopes in water and are derived from the current recommendations 0 National Committee on 


Radiation Protection and Measurements. The limits have been generally accepted as being equally 
applicable to milk. 


Iodine 131 
Strontium 89 


Results of composite samples from Sacramento, Calif., milkshed for period ending 
July 1959 


Calcium con- 


tent (grams Radioactivity in micromicrocuries per liter ! 
per liter) 


Date of col- Iodine 131 | Strontium 89 | Strontium 90 | Barium 140 | Cesium 137 
lection 12- 


Sam- | month 
aver- 12- 12- 12- 12- 12- 
age |Sam-| month | Sam-} month | Sam-| month | Sam-| month | Sam-| month 
ple | aver- aver- | ple | aver- | ple | aver- | ple | aver- 
age age age 


PP Com 
to = & GO 0D 
SO oH oH 
de 
S344 


BELRBRE KREBS 
SSasssR SsSSNS 


(> 90 1 20 
Shou ow 
Gr SA EM ER ER EH EN 
2WORONOSO 
ecoooooo 
Leereas 


' These limits are the maxima permissible limits for lifetime exposure of Pe tion groups to 


specific 
radioisotopes in water and are derived from the current recommendations 0! National Committee on 


Radiation Protection and Measurements. The limits have been generally accepted as being equally 
applicable to milk. 
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Results of composite samples from Salt Lake City, Utah, milkshed for period 





ending July 1959 
Calcium con- 
tent (grams Radioactivity in micromicrocuries per liter ! 
per liter) 
Date of col- Iodine 131 Strontium 89 | Strontium 90 Barium 140 | Cesium 137 
lection ii cater rere eer me 
Sam- | month 
ple aver- 12- 12- 12- 


12- 12- 
age |Sam-| month | Sam-/ month | Sam-/ month | Sam-/ month | Sam-| month 
ple | aver- | ple | aver- | ple | aver- | ple | aver- | ple | aver- 








age age age age age 
1958 
Aug. 14......| 1.108 | 1.185 | 77 174| 44 31] 42 4.2} 20 24] 43 59 
Sept. 13. 1.207 | 1.142 14 113} 44 30] 5.0 4.2 14 18] 48 51 
Oct. 13 1.187 | 1.143 11 32 | 26 24| 3.1 4.0 5 8| 31 49 
Nov. 14.- 1.162 | 1.142] 33 34 13 23| 5.2 4.1 4 8| 37 49 
Dec. 16. - 1.161 | 1.142 5 31 5 | 23| 6.1 4.3 0 7 39 49 
1959 | 
Jan, 15...- 1.187 | 1.140 2 31 6 231 4.5 4.4 5 si & 49 
Feb. 17. 1.176 | 1.147 1 28 5 22| 3.4 4.5 0 8| 37 46 
Mar. 16 11.176 | 1.149 2 28 4 22] 46 4.7 0 8| 38 43 
Apr. 15...--.| 1.118 | 1.148 5 26 6 23 | 5.4 4.7 0 8} 32 40 
May 14... -. 1.132 | 1.147 7 2% | 32 23) 9.8 5.3 0 7| 60 42 
June 15. ___- 1.123 | 1.146 7 | 7| 24 20 | 11.8 5.6 0 5| 70 42 
July 15..-...| 1.069 | 1.146 0| 14 16 19| 9.4 6.0 0 4] 61 44 


! These limits are the maxima permissible limits for lifetime exposure of ulation woupe to specific 
radioisotopes in water and are derived from the current recommendations of the National Committee on 


Radiation Protection and Measurements. The limits have been generally accepted as being equally 
applicable to milk. 


Micromicro- 
curies 
per liter 
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Results of composite samples from Spokane, Wash., milkshed for period ending 
July 1959 


| Calcium con- 
| tent (grams Radioactivity in micromicrocuries per liter ! 
per liter) 


Date of col- | Iodine 131 Strontium 89 | Strontium 90 | Barium 140 Cesium 137 


lection | 12- ease oh He nadcaaiondathetamancaicagie asacekamatnmaienaiaidibe aati aaa tiai cesta an 
month l ~ 
| aver- 12- ;. aa 12- 12- 12- 
| age |Sam-| month | Sam-| month | Sam-| month | Sam-} month | Sam-| month 
| ple | aver- | ple | aver- | ple | aver- | ple | aver- | ple | aver- 


age age 


1958 
Aug. 8 
Sept. 3 
Oct. 2 
Nov. 6 
Nov. 30 


1959 
I gee . 268 
Feb. 3 ..-| 1.183 
Mar. 2 . 236 
Me Sine cee .172 
May 5 | 1. 164 | 
June 1__..-.-| 1.162 | 
July 6 eae. 1. 200 














1 These limits are the maxima permissible limits for lifetime exposure of population groups to specific 
radioisotopes in water and are derived from the current recommendations of the National Committee on 
Radiation Protection and Measurements. The limits have been generally accepted as being equally 
applicable to milk. 

Micromicro- 


a 
Strontium 89 
Strontium 90_....--- 
Barium 140 

Cesium 137 


Results of composite samples from St. George, Utah, milkshed for period ending 
July 1959 (available to date) 


Calcium con- 
tent (grams Radioactivity in micromicrocuries per liter ! 
per liter) 


| 

Date of col- 
lection eS 

Sam- | month | | 
ple | aver- , 4- 4- 4- 4- 

Sam-| month | Sam-| month | Sam-| month | Sam-| month | Sam-| month 
ple | aver- | ple | aver- | ple | aver- | ple | aver- | ple | aver- 
Bao 


Iodine 131 Strontium 89 | Strontium 90 | Barium 140 Cesium 137 





No report___- 








! These limits are the maxima permissible limits for lifetime exposure of population groups to specific 
radioisotopes in water and are derived from the current recommendations of the National Committee on 
Radiation Protection and Measurements. The limits have been generally accepted as being equally 
applicable to milk. 

Micromicro- 
curies 
per liter 
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Results of composite samples from St. Louis, Mo., milkshed for period ending 
July 1959 


Calcium con- 


tent (grams Radioactivity in micromicrocuries per liter ! 
per liter) 


Date of col- Iodine 131 | Strontium 89 | Strontium 90 | Barium 140 Cesium 137 
lection 12- 
Sam- | month 

ple aver- 12- 12- 
Sam-| month | Sam-/} month -| month | Sam-| month | Sam-| month 
aver- aver- » | aver- | ple | aver- 1 aver- 


a8Rae 


et et 


SPSSRSe 
SNAWaAQAa 
SBBaane 


COWMDHH 
cocoume 
SSertesse 
SSSESEF 


1 These limits are the maxima permissible limits for lifetime exposure a groups to specific 
radioisotopes in water and are derived from the current recommendations of the National Committee on 
en oar —— and Measurements. The limits have been generally accepted as being equally 
applicable to milk. 


Iodine 131 
Strontium 89 
Strontium 90 
Barium 140 
Cesium 137 


Atomic ENERGY COMMISSION, 
Washington, D.C., October 6, 1959. 


THREE FEDERAL AGENCIES PLAN RESEARCH To HELP Darries REMOVE 
STRONTIUM 90 FrRoM MILK 


A joint research effort to develop dairy-plant methods of removing strontium 
9) from milk is being planned by the U.S. Atomic Energy Commission, the U.S. 
Public Health Service, and the U.S. Department of Agriculture. 

The levels of radioactive fallout from past nuclear testing do not justify 
action to decontaminate milk supplies. The research is designed to provide 
practical answers to problems that might arise in the future. 

The proposal to develop practical dairy-plant scale methods of removing 
strontium 90 from milk grew out of laboratory studies sponsored by the Atomic 
Energy Commission at the University of Tennessee as well as by Canadian and 
British scientists. These showed that it is possible, on a laboratory scale, to 
remove strontium 90 from milk through the use of certain chemicals known 
technically as ion exchange resins. 

Ion exchange resins duplicate a natural phenomenon in soils. Strontium 90 
that enters the soil is absorbed on soil particles and enters into reactions be- 
tween the soil and plant root. However, only a little strontium 90 gets into 
the plant in this way. It is now known that much of the strontium 90 that 
does get into plants is absorbed through their leaves. This can be ingested by 
ruminants. The best evidence is that the animals take into their systems about 
2 percent of the strontium 90 ingested and that a dairy cow secretes in her 
milk about 1 percent of the strontium 90 she consumes each day. The laboratory 
tests already done indicate that more than 90 and possibly more than 95 percent 
of the strontium 90 that gets into milk can be removed by ion exchange resins. 


The research will be conducted in a pilot plant at the Agricultural Research 
Center at Beltsville, Md. 





APPENDIX C 


AEC QuarrerLy Reports 


U.S. Atomic ENERGY COMMISSION, 
Washington, D.C., September 8, 1959. 


First QUARTER REPORT 


On May 5 Chairman John A. McCone, of the U.S. Atomic Energy Commission, 
announced that the Commission would issue “regular quarterly releases of all 
fallout information” as such information is gathered by scientists of the Com- 
mission and its contractors. The attached statement has been prepared by the 
Commission’s staff pursuant to this announcement and is being issued for the 
information of the public. 

During the time since Chairman McCone’s announcement, a study of the organ- 
ization of Federal radiological health activities was made under the leadership 
of the Bureau of the Budget. On completion of this study, President Eisenhower 
issued an Executive order establishing a Federal Radiation Council to advise 
the President in the field of radiological health. He also directed that the De- 
partment of Health, Education, and Welfare have primary responsibility within 
the executive branch for the collation, analysis, and interpretation of data on 
environmental radiation levels. 

The Atomic Energy Commission will continue to issue this type of data on a 
quarterly basis, although new procedures developed by the Federal Radiation 
Council may later supersede this report. HEW collation, analysis, and interpre- 
tation of this and other information from AEC and other sources will then serve 
as the basis for the HEW Secretary’s advice to the President and the public. 
Tabulations of detailed data on domestic and worldwide fallout levels are con- 
tained in quarterly reports issued by the Commission’s Health and Safety Labora- 
tory, New York, and published for sale through the Office of Technical Services, 
U.S. Department of Commerce. 


QUARTERLY STATEMENT ON FALLOUT BY THE U.S. ATOMIC ENERGY COMMISSION, 
SEPTEMBER 1959 
Summary 


This statement provides the latest information received by the Atomic Energy 
Commission on (1) surface air radioactivity levels, (2) strontium 90 levels in 
U.S. milk, (3) production of carbon 14 in nuclear explosions, and (4) strontium 90 
removal from milk. In addition, an appendix considers in some detail the sub- 
ject of areas where relatively high fallout has occurred. 

The latest data on concentration of fission product radioactivity in sur- 
face air indicate a decrease after several months of generally rising levels. 
The concentrations of fission products in the lower atmosphere during May and 
June, as measured at four stations in the Eastern United States, decreased to 
about the same levels as were observed in January and February. The June 
levels were the lowest since September 1958. 

The latest data on strontium 90 levels in milk in the United States showed 
increases in some areas above concentrations noted previously and decreases 
in others. As announced by the U.S. Public Health Service on July 13, 1959, 
the strontium 90 concentration in milk from the St. Louis, Mo., area was 37.3 
micromicrocuries per liter in April. The St. Louis levels dropped to 34.6 
micromicrocuries per liter in May and to 11.2 micromicrocuries per liter in June. 
These values were compared by the Public Health Service with a maximum per- 
missible level of 80 micromicrocuries per liter derived from recommendations 
for lifetime exposure of population groups to strontium 90 in water which had 
been made by the National Committee on Radiation Protection and Measure- 
ments. The Public Health Service noted that this limit has been generally ac- 
cepted as applicable to milk. 
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Increases in strontium 90 in milk presumably reflect the higher fallout rate 
occurring during the early part of 1959. If the fallout peak has passed, these 
levels may decrease during the next few months. 

Using ion exchange techniques, it has been possible in the laboratory to remove 
up to 94 percent of the strontium from skim milk without loss of calcium from 
the milk. Strontium may be removed from cream by a washing process. 

During the past 2 years increasing attention has been paid to the genetic 
hazards of carbon 14 produced by fission and fusion detonations. The most 
recent information suggests that the number of carbon 14 atoms produced per 
megaton of total yield (equivalent in energy release to a million tons of TNT) in 
past U.S. nuclear tests is about two-thirds of the number previously estimated. 

As noted in appendix A, studies have been made of radioactivity in three areas 
which have received special attention for various reasons. These areas are 
(1) California, (2) Nevada and Utah, and (3) the Dakotas and Minnesota. 

Unusually high concentrations of radioactivity in air and water occurred in 
California in 1958. Radiochemical analyses demonstrated that these were tran- 
sient levels consisting largely of relatively short-lived radioisotopes from tests 
held shortly before the fallout occurred. Observed concentrations of strontium 
99 and other long-lived radioisotopes in California are lower than the U.S. 
average. 

Similar periods of high concentrations of fresh fallout radioactivity have 
occurred in parts of Nevada and Utah and, less frequently, in other States to the 
north and east following continental tests. Especially in the more northerly 
areas, during 1957 and 1958 fallout from these and other sources led to relatively 
high concentrations of strontium 90 in vegetation, reflected in high concentrations 
in milk. An intensive study in North Dakota shows that the total amount of 
strontium 90 in the soil to date is about equal to the average for the United 
States as a whole, and suggests that the high concentrations on vegetation were 
due, in part at least, to retention of material reaching the plants from air and 
rain. 

Surface air radioactivity levels 

The latest data (May and June 1959) on the concentrations of gross beta radio- 
activity in the lower atmosphere indicate a decrease after several months of 
generally rising levels." Ground-level air filter measurements made at four 
strations * in the Eastern United States by the Naval Research Laboratory show 
roughly a 30 percent decrease from 9-11 micromicrocuries per cubic meter of air 
in April to 6-7 in May and a further decrease to 2-4 in June. The May levels 
are comparable to the averaged levels observed in January and February 1959 at 
the four NRL stations and at the 40 continental U.S. stations operated by U.S. 
Public Health Service laboratories, and the June levels are the lowest since 
September 1958. 

Levels of gross beta radioactivity in surface air in the Southern Hemisphere 
have continued to be 50 to 100 times lower than those quoted above for lati- 


Mean values, gross beta activity collected by air filtration 


{Micromicrocuries per cubic meter of air '} 


Station 
Month (1959) 


Columbia, Washington | Bedford, 
8.C. D.C. Mass. 


' These data were reprrted by the U.S. Naval Research Laboratory in units of disintegrations per 
minute per cubic meter cf air and have been converted for this table. 


' Measurements corrected for radiation decay of short-lived natural radioactivity. 
? Bedford, Mass., Washington, D.C., Columbia, S.C., and Miami, Fla. 
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tudes of the United States. Levels in Alaska (4.4 to 5.6 in April)*® and Hawaii 
(4.3 in April)* have also been somewhat lower than in the continental United 
States (3 to 12 in April).* Indications are that the rate of transfer to the lower 
atmosphere of radioactive debris injected into the stratosphere during the high- 
yield weapons tests carried out by the U.S.S.R. during the fall of 1958 has 
passed through its maximum and is on the decline. This transfer appears to 
have occurred in such a way as to lead to peak concentrations of radioactivity 
in surface air in the Southern United States and elsewhere in the same latitudes. 


Strontium 90 levels in U.S. milk 


The AEC Health and Safety Laboratory, New York City, is currently analyzing 
samples of milk from the following three locations for strontium 90: 


Mandan, N. Dak. (powdered buttermilk ) 
Perry, N.Y. (powdered milk) 
New York City (liquid milk) 


The Public Health Service analyzes samples of milk from the following 12 
locations for strontium 90, cesium 137, iodine 131, strontium 89, and barium 140: 


Atlanta, Ga. Overton, Nev. 
Austin, Tex. Sacramento, Calif. 
Chicago, Ill. Salt Lake City, Utah 
Cincinnati, Ohio Spokane, Wash. 
Fargo, N. Dak—Moorhead, Minn. St. George, Utah 
New York, N.Y. St. Louis, Mo. 


The Public Health Service data* show that St. Louis, Mo., has exhibited 
rising strontium 90 levels in milk beginning in early 1959 with indications of 
decrease in recent months. The level increased to 37.3 micromicrocuries per 
liter in April, one of the three highest values reported for milk in the United 
States as far as AEC records show. (Approximately the same concentrations 
were reported in North Soo, N. Dak., in May 1958° and in Panguitch, Utah, 
in September 1957.". The levels at St. Louis decreased to 34.6 micromicrocuries 
per liter in May and to 11.2 micromicrocuries per liter in June.) Levels in 
milk were compared by the Public Health Service with a maximum permissible 
level of 80 micromicrocuries per liter derived from recommendations for life- 
time exposure of population groups to strontium $0 in water which had been 
made by the Nation Committee on Radiation Protection and Measurements. 
The Public Health Service noted that this limit has been generally accepted 
as applicable to milk. 

The following table permits comparison of strontium 90 levels in milk at 
three locations sampled in 1959 by the Commission’s Health and Safety Lab- 
oratory : 

Strontium 90 levels in milk, 1959 


{Micromicrocuries per gram of calcium] 


New York, | Perry, N.Y. | Mandan, 

Sampling month N.Y. (liquid | (powdered N. Dak. 
ilk) milk) (powdered 
buttermilk) 


January 
February 


April 


! Analysis in process. 


Removal of strontium from milk.—Methods for removal of radioactive stron- 
tium from milk would be vitally important if gross contamination were to occur, 
for instance, from nuclear accidents or in the event of nuclear warfare. 


3 Latest data available. 
* Based on 40 PHS stations and 4 NRL stations. 


eee monthly report released Aug. 20, 1959. Available from USPHS free of 
charge. 

* Annex B, table I. 

7Testimony by Kermit Larson, University of California School of Medicine, during 


a fallout conducted by Joint Committee on Atomic Energy, U.S. Congress, May 
v-5, ° 
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Laboratory studies have been conducted at the University of Tennessee 
Atomic Energy Agricultural Research Laboratory, under contract with the 
ABC. The treatment is similar to that given water in home water softeners. 

The fractions of strontium and calcium removed from the milk by such proc- 
esses depends upon the kinds and quantities of ion exchange resins used and upon 
other factors. Using calcium based resins, with proper adjustment of experi- 
mental factors, it was found possible to remove up to 94 percent of strontium 
from separated milk without loss of calcium. Other effects of this treatment on 
the quality of the milk will be studied, although it can be predicted with reason- 
able certainty that the changes are small. Radioactive strontium associated with 
the cream may be removed by repeated dilution of the cream with water followed 
by separation of the cream from the water. 

The results of this study were presented at the 54th annual meeting of the 
American Dairy Science Association, June 15, and a report is being prepared 
by the research team for publication. 

It should be emphasized that these are preliminary results obtained from 
laboratory scale procedures which were initiated to determine the feasibility 
of the procedures. Developmental studies will be undertaken to establish the 
practicality of strontium 90 removal from milk on a larger scale and to provide 
the basis for estimating costs at the level of commercial dairy operations. 


Production of carbon 14 in nuclear explosions 


A 1958 report * on the biological hazard to man of carbon 14 from nuclear test 
explosions pointed out that for U.S. nuclear weapons of all types, roughly equal 
quantities of carbon 14 are preduced per megaton of total (fission and fusion) 
weapon yield. A value of 3.2 by 10” carbon 14 atoms per megaton of total yield 
was cited in the report. More up-to-date information suggests that for U.S. 
weapons tests, approximatly 2 by 10” atoms of carbon 14 per megaton of total 
(not fission alone) yield are formed for airbursts. The newer estimate is about 
two-thirds of the old. For surface bursts, this number should be divided by two 
because about one-half of the escaping neutrons would be captured in surface 
materials rather than air, including radioactivity in these surface materials. 

Expressed in activity units, 2 by 10” atoms of carbon 14 is about 20,000 curies 
or 0.02 megacuries. Expressed in weight units, 2 by 10” atoms of carbon 14 
is about 4.7 kilograms. 

A factor of uncertainty of about two is to be applied to the above value, that 
is, the actual value should lie within one-half to two times the value given. For 
this reason, it is not particularly appropriate to revise the hazards estimates 
given in the reference mentioned above. 

The value given here was used in testimony by Dr. Lester Machta, U.S. 
Weather Bureau, before the Special Subcommittee on Radiation of the Joint 
Committee on Atomic Energy in recent hearings on the biological and environ- 
mental effects of nuclear war. 


APPENDIX A 
AREAS OF GREATER THAN AVERAGE RADIOACTIVITY 


(Information in app. A was same as that provided to Joint Committee in 
letter dated May 18, 1959 (see p. 2114), regarding “hotspot” problem.) 


U.S. Atomic ENercy CoMMISSION, 
Washington, D.C., October 9, 1959. 


SEcoND QUARTER REPORT 


The second quarterly statement, which is attached, is being issued at this time 
to coincide with the issuance of HASL-69, the latest quarterly strontium report 
by the Commission’s New York Health and Safety Laboratory. HASL-69, which 
may be purchased from the Office of Technical Services, U.S. Department of Com- 


xs a ogg gg Hazard to Man of Carbon 14 From Nuclear Weapons,” WASH—1008, 


M. R. Zelle Hollister, J. R. Totter, September 1958, available from the Office of 
Technical Services, Department of ene, Washington 25, D.C., price $0.50. Re- 
printed in Science, vol. 128, pp. 1490-95, Dec. 12, 1958 
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merce, for $3.50, contains detailed data which are summarized in the attached 
statement. 

In addition to information from Commission laboratories and Commission 
contractors, the attached statement contains certain data from the Department 
of Health, Education, and Welfare and other sources with particular relevance 
to the other data contained in this statement. 

The Commission will continue to issue this type of data on a quarterly basis, 


although new procedures developed by the Federal Radiation Council may later 
supersede these quarterly releases. 


QUARTERLY STATEMENT ON FALLOUT BY THE U.S. Atomic ENERGY COMMISSION, 
OcTOBER 1959 


SUMMARY 














This statement summarizes the latest information received by the Atomic 
Energy Commission on (1) surface air radioactivity, (2) strontium 90 levels in 

milk and other foods, (3) fission product radioactivity in soils, (4) cesium 137 

levels in people and milk, (5) strontium 90 in milk and bones of Nevada cattle, 

and (6) monthly fallout collections.’ 

Concentrations of total fallout beta radioactivity in surface air have decreased 
somewhat in both hemispheres in May compared with April. Air concentrations 
at four stations in the eastern United States during July were about one-third 
to one-half the June values and showed a continuation of this decrease which 
began in May and continued through June and July. 

Monthly fission product gamma radioactivity levels in soils at Argonne National 
Laboratory for March to July indicate an increase in gamma radioactivity in this 
soil to a peakin May. Estimated gamma radiation dose rates for June and July 
were somewhat lower than the May values but over twice the levels for September 
1958. The fission product gamma radioactivity in terms of millicuries per square 
mile in the soil peaked in June. 

Strontium 90 levels in milk samples from New York City and Perry, N.Y. 
for May and June were higher than for April. The New York City level for 
June of 26.2 strontium units (micromicrocuries of strontium 90 per gram of 
calcium) is the highest reported for that location to date although not as high 
as earlier at other locations. The milk level in Mandan, N. Dak., in May of 47.5 
strontium units is one of the highest reported to date so far as AEC records 
show. The level decreased to 22.2 strontium units in July. Samples of white 
and whole wheat flour and bread in New York during April differed little from 
February samples in strontium 90 content. Wheat samples (1958 crop) from 
9 U.S. wheat producing States range in strontium 90 content from 21 to 133 
micromicrocuries per kilogram, which do not differ greatly from that previ- 
ously reported for Minnesota (1956-58) and North Dakota (1958) wheat sam- 
ples. Analyses of Minnesota 1945-58 seed corn showed strontium 90 levels too 
low to be quantitatively detectable. Strontium 90 levels for samples collected in 
Nebraska in micromicrocuries per kilogram were 5.6 for fresh milk (May 1959), 
8.1 for dried milk (February 1959) (computed as liquid milk), and 0.8 to 2.5 
for corn (fall 1958 harvest). 

Levels of cesium 137 in the United States so far in 1959 ranged from 12 to 170 
cesium units (micromicrocuries of cesium 137 per gram of potassium) in people 
and 7 to 297 cesium units in nonfat dry milk. During 1958 the average milk 
value was 50 cesium units with some values as high as 250. The 1958 average 
for people was 67 cesium units. For comparison, values were also calculated 
for natural radioactivity from potassium 40 in the upper and lower limit sam- 
ples. Cesium 137 appeared to be about one-twentieth to one-fourth the potas- 
sium 40 values in people and about one and one-hundredth to two-fifths the potas- 
sium 40 values in dry milk. At present no conclusions as to levels in specific 
areas or age groups can be made. A summary and evaluation will be made 
after completion of 1959 sampling. 

































1The Commission will continue to issue this type of data on a quarterly basis, although 
new procedures developed by the Federal Radiation Council may later supersede these 
quarterly releases. The Department of Health, Education, and Welfare will collate, 
analyze, and interpret this and other information from AEC and other sources and make 
periodic releases to the public. 
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Cattle bone levels at three locations in Nevada during 1958 ranged from 3.7 
(rib) to 44.8 (femur) strontium units, both at the Nevada test site. The 
highest of the Nevada milk levels for May and November 1958 was 5 strontium 
units in May. This suggests that values to be expected in persons living in 
this area would be well below the values in cattle bone. 

Included also are some plutonium data. As can be seen, plutonium adds a 
measurable but small portion to the dose from fission product fallout. 


Surface air radioactivity levels 


Ground level air filter measurements made at the four stations in the eastern 
United States by the Naval Research Laboratory (see table on p. 4) show 
a further decrease in gross or total beta radioactivity from about 2 to 4 
micromicrocuries per cubic meter in June to about 0.75 to 1.5 in July. 


Mean values, gross fallout beta activity collected by air filtration 


{Micromicrocuries per cubic meter of air '] 


Station 













Month (1959) 
Miami, Fla. | Columbia, Wapegne, 


ov. 









July 






1 These data were reported by the U.S. Naval Research Laboratory in units of disintegrations per minute 
per cubic meter of air and have been converted for this table. 


Levels of gross or total fallout beta radioactivity have decreased somewhat 
in both hemispheres in May compared with April levels. Levels for April 
and May were as follows: 


Gross fallout beta radioactivity 


{Micromicrocuries per cubic meter] 


April May! 






















nh Ge ok ate cde ca naieudiden danicnnddneaeaeaetb mG 4.4 to 5.6.....- 3.7 to 5.0. 

ie eels s o3 ok 8 J cede ann eweweattivenseoeusedeamind OR icikccosnnctl 2.6. 

EE EIEIO eg isdhlitcceed diene ussscngkestucuwkeveswedel 3 to 12__.......| 2.6 to 10.5. 
0.03 to 0.11. 








es MI i sicisinc orc badtiainpinecqweulweenaddiedadaaduidetar 0.03 to 0.14. ... 





! Latest data available. 
243 PHS stations and 4 NRL stations. 
38 NRL stations. 






Argonne National Laboratory, gamma activity in soil 


Fission product radioactivity has been determined at Argonne National Labor- 
atory from soil samples using gamma ray spectroscopy. Analyses for the gamma 
emitters included zirconium 95-niobium 95, cesium 137, ruthenium 106, ruthe- 
nium 103, cerium 141, and cerium 144. Results of these monthly analyses for 
March-July 1959 are shown in table I with data for September 1958 for com- 
parison. The resulting dose rates (theoretically computed from table I) asso- 
ciated with these fission products are shown in table II. Soil samples were 
taken to a depth of 6 inches.’ 










2These are theoretical calculated dose rates based on the assumption that the radio- 
active elements per unit area were placed on an equal area of an absolutely flat surface 
of an infinite size, that the entire surface contained the same level of a and that 
the dose rates were then measured 3 feet above that plane surface. Actually the dose 
rates 3 feet above the earth where the samples were taken would be lower than these 
calculated dose rates. 
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TABLE I.—Fission product radioactivity in soil at Argonne National Laboratory 
in millicuries per square mile 


1959 
Isotope Half life 


March rn ave | tay | Apri | May 


September 
June | July 


| 

Zr and Nb* ; | 65 and 35 days ‘ 318 731 980 | 1,043 | 917 
crs 27 years 128 135 141 | 147 
Ru!®___ ‘ 1 year _- Since 624 812 881 1, 173 
Ru!%3___ 40 days. ..-_. aa 331 230 186 120 
Ce 32 days | 182 


iat 580 | 329] 268 
Cem | 200 days Fok 270 


1,127 1, 450 1, 533 


1,322 | 4,252 | 4,916 | 5,095 


1, 704 


5, 100 | 





TABLE II.—Dose rate from fission product activity in soil at Argonne National 
Laboratory in microrads per hour (estimated from table I) 


| 


Isotope 1958— 
| September 


March April | May | 


Zr and Nb* 2.00 4. 64 “a | 6. 62 | 
SNE, ea ctaed 21 32 - 34 | 36 
ena 18 53 69 175 

17 | 69 48 39 

01 13 07 06 

05 21 27 28 


2. 62 6. 52 8. 07 








Strontium 90 levels in U.S. milk 


Strontium 90 levels in milk at three locations sampled in 1959 by the Com- 
mission’s Health and Safety Laboratory are given in the table below. 


Strontium 90 levels in milk, 1959 


{Micromicrocuries per gram of calcium or strontium units] 


New York, | Perry, N.Y. | Mandan, N 
Sampling month N.Y. (liquid | (powdered | Dak. (pow- 
milk) milk) dered but- 

termilk) 


January 
F ey 


—_— — 
> 3 & ~1 90 oo ge 
> Oe Te DD 


The June sample from New York City reported here as 26.2 strontium units 
was higher than any previously reported for that station. The value for New 
York City liquid milk reported by the Public Health Service for June was 14.0 
micromicrocuries per liter, very nearly equal to 14 strontium units. This sug- 
gests a possible difference in source of the two samples. The July sample for 
New York City dropped to 14.4 strontium units, about half the June value. 
The May sample for Mandan is the highest value reported for milk in the United 
States as far as AEC records show. By July, however, the level had dropped 
to about that of last winter. 

Levels in milk were compared by the Public Health Service with a maximum 
permissible level of 80 micromicrocuries per liter derived from recommendations 
for lifetime exposure of population groups to strontium 90 in water which had 
been made by the National Committee on Radiation Protection. 
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Strontium 90 in New York bread and flour 


Data for strontium 90 in flour and bread samples collected in New York City 
during May 1959 were released on August 22, 1959.2. The May data indicate 
that strontium 90 levels in two samples of whole wheat bread (37 to 59 micro- 
microcuries per kilogram) were about five times the levels in two white bread 
samples (12 micromicrocuries per kilogram) obtained at the same time. The level 
in a single sample of whole-wheat flour was 189, compared to 12.8 in a sample 
of white flour. The values for the white bread sampled in May are somewhat 
higher than the February ones; however, the values for the whole wheat bread 
sampled in May are considerably lower than the February values. The levels 
in the flour sampled in May differed little from those sampled in February. 

As has been previously discussed,‘ in computing the relationships between 
strontium 90 levels in foods and maximum permissible levels it is necessary 
to consider the entire diet over a matter of many months. The significance of 
concentrations in single items of food, such as whole-wheat bread, depends upon 
the extent to which these contribute to the total diet. 


Strontium 90 in wheat 


The Health and Safety Laboratory has completed strontium 90 analyses of 
samples of 1958 wheat and seed corn from U.S. wheat-producing States which 
were provided by Dr. R. S. Caldecott, of the University of Minnesota. Some 
North Dakota wheat data were discussed in the September “Quarterly Statement 
on Fallout.” The levels of strontium 90 observed in 1958 wheat from nine States 
ranged from 21 to 133 micromicrocuries per kilogram. 

The results of strontium 90 analyses of samples of seed corn from Minnesota 
indicated levels too low to be quantitatively detected. Seed-corn samples in- 
cluded yearly lots of corn from 1945 to 1958. Corn apparently accumulates 
relatively small amounts of strontium 90. 


Nebraska data 


Samples of milk and corn were collected in Nebraska during May 1959. The 
results of strontium 90 analyses of these samples are shown below : 


-— 


serees 


- | 
~ 
ow 


Micromicro- 

curies of Sr*#” 

Sample per kilogram 
(approxi- 
mately) 


Fresh milk (Lincoln) May 25, 1959 
Dried milk ! (processed February 1959) 
Th harvest 1958) 

0 


1 Computed as liquid milk. 


It should be noted that the very low calcium and strontium 90 content of the 
corn samples leads to large uncertainties as indicated. The levels shown above 
are within the range expected. 

Radioactivity in hay and ensilage 

Analyses by the Food and Drug Administration * of hay and ensilage samples 
from 19 States during 1958-59 indicate a wide range of total beta radioactivity 
from fallout. Levels ranged from 74,000 micromicrocuries of total beta radio- 
activity per kilogram of alfalfa hay in Minnesota (August—October 1958) to 270 
for sweet corn ensilage in Wisconsin (September—October 1958). Four samples 
of alfalfa hay were analyzed for strontium 90 content. Levels ranged from 
138 to 806 micromicrocuries of strontium 90 per kilogram, or 4 to 9 percent of the 
total beta levels. Strontium 90 concentrations in milk in these areas will be less 
than those in hay and ensilage. 


3 AEC Press Release B—141, Aug. 22, 1959. 
* HASL-—65, John H. Harley, ‘Dietary Strontium 90 Estimates for the United States.” 
5 HASL-69, p. 129. 


a »y Secretary Flemming, Department of HEW, news conference, Aug. 13, 
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Cesium 137 in people and milk 


Data for cesium 137 in more than 200 people from 25 States and in more than 
1,000 samples of milk from 37 locations in 28 States collected in the United 
States in 1959 through August are presented. These gamma radiation measure- 
ments at the Los Alamos Scientific Laboratory have been reported in HASL-69, 
Previous tabulations and evaluations have been reported in HASL—42 and in 
the statement of Dr. Wright Langham during the hearings on Radioactive Fall- 
out, May 5-8, 1959, as well as in scientific journals. 

Because of the biochemical similarity of cesium and potassium, cesium 137 
levels are conveniently expressed as micromicrocuries of cesium 137 per gram 
of potassium (cesium units). U.S. samples of nonfat dry milk ranged from 
7 to 297 cesium units. During 1958 the average milk value was 50 cesium 
units with some samples as high as about 250. The 1959 levels in people in the 
United States ranged from 12 to 170 cesium units. The 1958 average for the 
United States was 67 cesium units. Cesium 137 data for 1959 continue to be 
obtained. 

In the table on page 10 cesium 137 values are compared with those of potas- 
sium 40, an isotope of natural potasium found in nature. The calculated natural 
potassium 40 levels are seen to be higher than are the cesium 137 levels. 
Natural potassium contains 0.012 percent potassium 40. The levels reported so 
far include a wide range of ages and location of samples and no systematic 
variations of concentrations of cesium 137 and potassium 40 with age or loca- 
tion are apparent. A summary and evaluation of the 1959 data will be made by 
the investigators on completion of 1959 sampling. 


Comparison of cesium 137 and potassium 40 levels 


Micromi- | Micromi- 
| Cesium | crocuries of | crocuries of | Cs!"/K 
units ! Cs!37 per K® per 
kilogram kilogram 


Highest Cs'37—milk : 5, 400 12, 200 
Lowest Cs'3’—milk 7 120 11, 500 
Highest Cs"*’—people 328 1, 290 
Lowest Cs!3’—people 68 1, 230 


1 Micromicrocuries of Cs'*’ per gram of potassium. 


Strontium 90 in milk and bones of Nevada cattle 


Investigators at the University of Nevada, under contract with AEC have 
reported strontium 90 levels in milk and bones of cattle collected in Nevada 
during 1958. Strontium analyses were performed by the health and safety 
laboratory. Nevada samples were collected at Knoll Creek, Delamar Valley, 
and the Nevada test site. Cattle bone levels at these locations ranged from 
3.7 (rib) to 44.8 (femur) micromicrocuries of strontium 90 per gram of calcium 
(strontium units) both extremes from the Nevada test site. Milk levels deter- 
mined in Knoll Creek and Delamar Valley samples in May and November 1958 
showed the value for May at Knoll Creek of 5 strontium units to be the high- 
est. Studies conducted in other areas of the United States have suggested that 
human bones accumulate less strontium 90 than animal bones in the same area. 
The Nevada milk and bone data also suggest that values to be expected in per- 
sons living in Nevada would be well below the values in cattle. 


Monthly fallout collections 


Monthly fallout collections are made at each of worldwide network of sta- 
tions‘ set up by the Health and Safety Laboratory and analyses are made for 
strontium 90, strontium 89 and tungsten 185. These data provide information 
concerning the rate of fallout and its accumulation. During the’ U.S. Pacific 
tests in 1958, tungsten was incorporated into some devices. This was partially 
transformed into radioactive tungsten 185 for use as an atmospheric tracer. Al- 
though relatively small quantities of this isotope were produced, it provides 
information on the rate of fallout as well as a tool for studying weather 


Includes 35 steel pot and ion-exchange stations and 3 precipitation stations in the 
United States, 4 Coast Guard (ship) rain collecting stations in the Atlantic, and 28 steel 
pot and ion-exchange stations in 14 other countries. 
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phenomena. Recent data* indicate a decrease in the rate of fallout after gen- 
erally rising rates from January to May 1959 in the United States, with the 
highest generally occurring during February and March on the west coast and 
Hawaii and in April and May on the east coast with a range between these for 
other areas. Analyses have not been completed through May for all stations. 
Monthly fallout rates in 1959 in the United States have been higher than dur- 
ing 1958. The few available data for June indicate a considerable decrease in 
the rate of fallout during June and earlier at some stations. 


Plutonium data 


Data collected over the past year by Isotopes, Inc., of Westwood, N.J., indicate 
that plutonium can be detected in air, soil, various human organs, and in com- 
mercially available meat products. The data are preliminary in nature and 
are presented only to show what data have been collected. They represent a 
limited sampling of the environment and, therefore, no trend can be noted. 
Possible future investigations may indicate the direction of any trend and would 
be reported at a later date. There are insufficient data to come to any conclu- 
sions concerning biological hazards from the measured levels of plutonium re- 
ported here. As the sensitivity of radiation detection equipment improves, it 
is reasonable to assume that other radioactive elements in weapons debris will 
be detected, identified, and placed in perspective within the total fallout situation. 


Human plutonium 239 analyses 





Plutonium activity, mioro- 
Sample type: microcuries per gram 
OUD MN ok Se hn Sb ae adc kei at Background. 
TI. ibs hi diet dd go dunt + ase ndinden 0.00536 + 0.00049. 
fo diptnclaae Batt Gciaettnmh eae 0.0292+0.014. 


Animal plutonium 239 analyses 





Plutonium activity, micro- 
Same type: microcuries per gram 
DORE CON. gt ntinin-tn conn ttennnnbnt ahh wea atiah 0.0413 + 0.0016. 
BN Be eee m mp tigeatind Rag tle cmnenttdugeaaelyta a 0.00290 + 0.00035. 


meme ne ome meappepattower=ipehemmenmetnqaenbsitis 0.00148 + 0.00023. 


eC ee eee 0.045 + 0.002. 
i i a le ill al 0.0124 + 0.00059. 
OO ee ee ee 0.00134 + 0.00025. 





Stecoubewitibesevicseeecbistbespuhins aaa 0.019 + 0.0077. 






Ee ae a a ee 0.00019 + 0.00014. 
a a a a a es 0.00095 + 0.00036. 
Fitiddge ven eil~uesd padkepun<irets tedewa alae background. 
PO RG Fin sincdh ah dembuvns tied aide Ee 0.00182+0.00015. 


, 9) "> a ee 


‘Average of duplicate runs. 


§ HASL-69, p. 4. 
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Miscellaneous plutonium 239 analyses 


Plutonium activity, mioro- 
Sample type ° microcuries per gram 
I 0.0010+0.00082. 
No 0.00034 0.00025. 






























a aie tele ea lea 0.800+0.077. 
I a 0.4382+0.042. 

on ed ee ee bt eared Sends 0.127+0.023. 
I I i 0.672+0.045. 

I sn cda ie csine gl Peat siiccinie Ea scene tacett Ee ial ieee 0.000178 = 0.000027. 
elk el 0.00016 +0.00013. 


1 Average of duplicate runs. 


RADIOACTIVE FALLOUT 


Remarks by Dr. Willard F. Libby, Commissioner, U.S. Atomic Energy Commis- 
sion, for delivery before the Swiss Academy of Medical Sciences Symposium on 
Radioactive Fallout, Lausanne, Switzerland, March 27, 1958 





I. INTRODUCTION 





The whole world is concerned over the question of radioactive fallout, par- 
ticularly that from the testing of nuclear weapons. ‘This has focused worldwide 
attention on the problem of the effects of radiation, whether it be from atomic 
fallout or medical X-rays, and a field of knowledge formerly known to only a 
limited group of scientists is becoming a matter of general concern, thought about 
and discussed by millions of people. The widespread concern may be due to the 
general fear of the unknown which has always been a basic human instinct. If 
the knowledge of the effects of radiation and the magnitude of the doses from 
fallout were more widely known, this would considerably allay the apprehension. 
So the first problem is the dissemination of the knowledge of fallout and radia- 
tion effects which has been gained over the last several years, and it is for this 
reason that this paper is presented. Last June the Congress of the United States 
held extensive hearings on radioactive fallout and radiation, and the minutes of 
these hearings are one of the best sources of information about the whole subject. 
In addition, a considerable number of articles have been published since last 
June which present more recent data and considerations. I hope to refer to 
some of these in the present paper. 

Since there is every reason for the information on radioactive fallout and 
radiation to be known to any interested person, the U.S. Atomic Energy Commis- 
sion has the policy of publishing promptly and completely on this subject, and 
this paper serves this function also. Before beginning a main subject of “Radio- 
active Fallout,” I would like to mention a new development which, though related, 
is not entirely germane. 

During the recent test operations of the U.S. Atomic Energy Commission 
and the U.S. Department of Defense, in Nevada, Operation Plumbob, a bomb 
was fired underground which had no radioactive fallout because its fireball 
was sealed in molten rock. The fireball consisted largely of vaporized rock 
which congealed and totally contained the radioactivity. Essentially no radio 
activity, even that belonging to such a volatile material as radioactive krypton, 
escaped to any considerable degree. 

The entirety of the radioactive material was found in some 700 tons of rock 
which had been fused and then cooled and crushed. Apparently the bomb, 
which had the power of 1,700 tons of ordinary chemical explosive, blew itself 
a bubble of vaporized rock about 55 feet in radius, which had a skin about 3 or 
4 inches thick. The shock wave crushed rock out to about 130 feet so the weight 
of the crushed rock overhead crushed the thin eggshell when it cooled and broke 
it into fragments. These fragments contain the bomb debris essentially in its 
entirety. This means it is possible, at least in the small yield range, to contain 
and eliminate radioactive fallout in certain types of weapons tests. Of course, 
effects tests where such materials as structures and military equipment are 
being checked against atomic blast cannot be conducted in this manner, but 
these tests could conceivably be done with the special type of bomb with reduced 
radioactivity. Thus, it is likely that a technique has been developed which will 
make possible test operations which contribute much less fallout. 

In addition, the nonmilitary applications of atomic explosives, which the 
underground shot on September 19 last year disclosed, appear to be so promis- 
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ing that for them alone we must continue certain tests in order that these bene- 
fits may be available to the human race. For example, in the underground 
shot, just mentioned, we produced an earth shock which was very revealing to 
the seismologists in its clarity and sharpness within a considerable distance from 
the Nevada test site and it is certain now that from atomic detonations we will 
be able to determine the internal structure and character of the earth with a 
clarity and detail never possible with earthquake shocks because of their 
diffuseness in both time and location. 

A second possibility is the applicability of nuclear explosions to moving earth, 
if the fallout hazard can be controlled. Craters produced in the Pacific islands 
are convincing testimony of the possibility of making harbors in regions where 
the local fallout hazard is tolerable. Perhaps with the devices of reduced fall- 
out which are now being developed such applications will be possible in more 
populated regions. 

A third most intriguing possibility is that of shaking and breaking subterra- 
nean structures by nuclear shock. The underground detonation, despite its small 
1.7 kiloton yield, is estimated to have crushed about 0.4 million tons of rock. 
It happened that the mountain selected consisted of rather soft rock but, never- 
theless, it was consolidated and supported its own weight. After the explosion, 
a sphere 260 feet in radius was crushed so it could easily be mined. It was not 
rendered radioactive because the radioactivity was contained in thin rock shell 
mentioned earlier, which weighed only 700 tons and which was visually distin- 
guishable from the ordinary rock and thus can be separated easily. It is clear 
that this type of application has great promise. A fourth example is the 
containment of the heat generated from large atomic explosions in rock struc- 
tures which are dry and therefore free of the pervasive thermal conductive 
characteristics of steam and water. This affords a definite possibility for gener- 
ating atomic power; if detonations, which are large enough to make such power 
economical, are practical and if the subsequent drilling and removal of the heat 
by injection of water to produce steam prove to be practical. A fifth example is 
the possibility of making radioactive isotopes by surrounding the explosive 
devices with appropriate materials so that the neutrons which always escape in 
atomic explosions can be utilized at leastin part. A sixth example is the poten- 
tial utilization of the radiation and heat of the bomb to cause chemical reactions. 
These six possible nonmilitary applications show that nuclear explosions may 
have peaceful applications of real importance and that the understanding of the 
phenomena of radioactive fallout is useful not only in conducting a weapons test, 
but in the promotion of important peaceful applications. 

The radioactivity produced by the detonation of nuclear weapons has been 
extensively studied and reported upon.” From this work we have learned 


Hearings before the Special Subcommittee on Radiation of the Joint Committee on 
Atomic poe “The Nature of Radioactive Fallout and Its Effects on Man,” May 27-29, 


June 3-7 pts. 1 and 2, U.S. Cooernment Printing — a 1957. 
2“Project Sunshine Bulletin No. > ca Martell, Aue. 6, AECU-3298 (Rev.). 
*“The Chicago Sunshine Method,” * Martell, Ma 1856" Apc. 3262, 
1956) Strontium Fallout, - we F. Libby, Proc. Nat. Acad. Sci. 42, 365-390 
“Current Research Findings on Radioactive Fallout,” W. F. Libby, Proc. Nat. Acad. 
Set. 42, 945-956 (1956). 
* “Radioactive allout,” W. F. pate: Proc. Nat. Acad. Sci. $3, 758-775 (1957). 
sr ge nde From Natural Radioactivity and Cosmic Rays,” W. F. Libby, Science 12?, 
§ “Radioactive Fallout in the United States,” Merril Eisenbud and J. H. Harley, Science 
121, 677-680 (1955). 
® “Radioactive Fallout Through September 1955,” Meril Eisenbud and J. H. Harley, 
Science 124, 251-255 (1956). 
wa “Strontium 90 in Man,” J. L. Kulp, W. R. Eckelmann, and A. R. Schulert, Science 125, 
219-225 (1957). 
20 anrentiam 90 in Man, II,” J. L. Kulp, W. R. Eckelmann, A. R. Schulert, Science 127, 
124, ‘ae take of Atomic Debris,” L. Machta, R. J. List, and L. F. Hubert, Science 
“Worldwide Effects of Atomic Weapons, Project Sunshine,” August 6, 1953, R—251- 
AEC (amended). 
3 “Radiostrontium in Soil, Comm. and “4 » U.K. : 1956 —- F. J. Bryant, A. C. 
Chamberlain, A. Morgan, G. 8. Spicer, A. E. R B. HP/R 2353 (1957). 
e unell (1996), to Man oft uclear and Allied Radiations,” British Medical Research 
oune i 
Measure of Future Strontium oe, — From Earth Surface to Human Bone,” 
% i , Gakujutsu Geppo 10, ee 
- tadiological Data in Japan II,” Hivgma, Gakujutsu Geppo 10, 1-17 (1957). 
17“"The Dangers From Fallout of Strontium 90 After Atomic Bomb Explosions, ” E. Dahl, 
Teknisk Ukeblad (July 1957). 
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about the amount of radioactive fallout which occurs and the mechanisms for its 
dissemination in a broad and general way. Let us consider a few of these 
general points. 

(1) The stratosphere plays an extremely important role for the fallout from 
megaton yield weapons, and the troposphere is the medium which disseminates 
the fallout from kiloton detonations; thus, speaking broadly, stratospheric 
debris is from megaton yield detonations and the tropospheric fallout is from 
those of lower yield. It is not that the yield of the detonation is determinative 
but rather that the altitude to which the fireball arises before its average density 
is equalized with that of the surrounding air determines the fallout rates. The 
megaton yield fireballs are so enormous that they stabilize at levels only above 
the tropopause—the imaginary boundary layer dividing the upper part of the 
atmosphere, the stratosphere, from the lower part, the troposphere—while the 
kiloton yield fireballs stabilize below the tropopause. The tropopause normally 
occurs at something like 40,000 to 50,000 feet altitude, although it depends on 
season and location. In other words, low-yield bombs fired in the stratosphere 
would be expected to give the same slow fallout rates as high-yield weapons do 
when fired in the troposphere—or on the surface if attention is focused on the 
part of the fallout which does not come down locally to form the oval shaped 
pattern pointed in the downwind direction. 

(2) The stratospheric debris descends very slowly, unless, of course, it is so 
large as to fall in the first few hours. This paper is concerned only with the 
worldwide fallout—that is, the fallout which does not occur in the first few hours, 
and excludes the local fallout which constitutes the famous elliptical pattern 
which is so hazardous because of its radiation intensity, but which in test opera- 
tions is carefully restricted to test areas. It is worth mentioning in passing that 
the local fallout may be the principal hazard in the case of nuclear war. Most 
serious attention should be paid to it in civilian defense programs. 

The worldwide fallout from the stratosphere is literally worldwide in that the 
rate of descent of the tiny particles produced by the detonations is so small 
that something like 10 years or somewhat less probably is the average time they 
spend before descending to the ground, corresponding to an average annual rate 
cf about 10 percent of the amount in the stratosphere at any given time. It is 
not clear as to just how they do finally descend. It seems probably that general 
mixing of the stratospheric air with the tropospheric air which occurs as the 
tropopause shifts with the season and as is brought about by the jet streams con- 
stitutes the main mechanism, and that the descent of the stratospheric fallout 
is never mainly due to gravity, but rather the bulk mixing of stratospheric air 
with tropospheric air brings the radioactive fallout particles down from the 
stratosphere into the troposphere where tropospheric weather finally takes over. 
This mechanism makes the percentage fallout rate the same for all particles too 
small to fall of their own weight—and the same as would be expected for gases 
providing some means of rapidly removing the gases from the troposphere exists, 
so the reverse process of the troposphere to stratosphere transfer does not con- 
fuse the issue. 

(3) Worldwide radioactive fallout in the troposphere is restricted to the gen- 
eral latitude of the detonations for the reason that the residence time in the 
troposphere is about 30 days.*””*™ The life time of fine particulates in the 
troposphere appears to be determined by the cleansing action of the water drop- 
lets in the clouds. For those particulates which are below 1 micron in diameter, 
Greenfield ® caluculates that the mean residence time of a 1-micron particle in 
a typical cloud of water droplets of 20 microns diameter may vary between 50 
and 300 hours, but that a particle of 0.04 micron diameter will last only 30 to 60 
hours, and that a particle of 0.01 micron diameter will last only 15 to 20 hours. 
The theory calculates the diffusion due to Brownian motion and says that it is 
just this motion induced by the collisions with the air molecules which makes 
possible the contact between the fallout particles and the cloud drops. Since 
this theory is based on first principles with the single assumption that the fall- 


*“The Radiological Dose to Persons in the U.K. Due to Debris from Nuclear Test 
Explosions Prior to January 1956,” N. G. Stewart, R. N. Crooks, and E. M. R. Fisher, 
A.E.R.E. HP/R 2017 (1956). 


=a der Atmosphire,”’ O. Haxel and G. Schumann, Z. Physik 142, 126-132 
a} . 

7 “Rain Scavenging of Radioactive Particulate Matter From the Atmosphere,” S. M. 
Greenfield, Journal of Meteorology 14, 115-25 (1957). 

21 “Natural Distribution of Cosmic Ray Produced Tritium II," Haro von Buttlar, W. F. 
Libby, J. Inorg. & Nuc. Chem, 1, 75 (1955). 
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out particle sticks to the water droplet on impact—an assumption so plausible 
as to be almost beyond doubt—it is no surprise to learn experimentally that the 
Greenfield theory appears to be correct. 

There is essentially no worldwide fallout in the absence of rainfall; i.e., in 
desert regions—except for a little that sticks to tree leaves, blades of grass, and 
general surfaces, by the same type of mechanism Greenfield describes in the 
case of clouds. Thus we sge that it is the moisture in the troposphere which 
assures the short lifetime of the worldwide fallout particles, and that when the 
stratospheric air which contains essentially no moisture and therefore has no 
cleansing mechanism descends into the troposphere, the tropospheric moisture 
proceeds to clan it up. On this model, we see that for submicron fallout particles, 
weather phenomena are controlling, and that the bombs which have insufficient 
energy to push their fireballs above the troposphere will have their worldwide fall- 
out brought down in raindrops in a matter of about a month, in extreme contrast 
with the stratospheric material which apparently stays aloft for something 
like 10 years on the average. The contrast between these two lifetimes means 
that the concentration of radioactive fallout in the stratospheric air in terms 
of equal densities of air is always much higher in tropospheric air. This has 
been experimentally observed to be true.” In fact, the stratospheric content is 
about 100-fold higher than that of the troposphere corresponding to the much 
longer stratospheric residence time. Later in this paper new data on the fallout 
content of the stratosphere are given. 

It is inherent in the Greenfield mechanism that the total worldwide fallout 
will be proportional to rainfall if other factors are not allowed to vary. Thus 
we find that the Mediterranean basin?’ affords a good example of the truth of this 
principle. Other regions are the Northeastern United States, the Southeastern 
United States, the Northwest United States and the Southwest United States.” 
It is now well established that desert areas have very little fallout. 

(4) After falling to the ground in the form of rain or being picked up on the 
surface of the leaves of grass or trees by the same type of Brownian motion 
accretion mechanism causing cloud drop pickup, the radioactive fallout may 
enter the biosphere by normal biological processes. Radioactive strontium 90 
and radioactive cesium 137 are the two principal isotopes which have this 
facility and are produced in high yield by the fission reaction and are of long 
enough lifetimes to be disseminated worldwide particularly by the stratospheric 
mechanism—about 28 years’ half life for each. Strontium 90 is produced at a 
level equivalent to about 1 millicurie of strontium 90 per square mile of the 
earth’s surface for every 2 megatons of fission energy, and radiocesium is pro- 
duced at about 50 percent higher yield. Of the two isotopes, strontium 90, be 
cause of its chemical similarity to calcium, collects in human bone, where it is 
held for years and where its radiations might then cause deleterious effects to 
the health of the individual, such as leukemia or bone cancer. It is interesting 
that strontium 90 constitutes a relatively less important genetic hazard because 
of the short range of its radioactive radiation and the fact that it is not held in 
the reproductive organs. Radiocesium stays in the human body only 6 or 8 
months on the average, because it has no permanent structure like the bone for 
which it has a natural affinity. Asa result, the amount of radiation occurring 
from internally ingested radiocesium is much less, and most likely is subject to 
palliative measures calculated to reduce its time in the body. Strontium 90 
taken into the bone, however, appears to be stored for many years, the exact time 
not being known very well.” 

Radiostrontium is taken into the body because of its similarity to calcium, but 
there is a definite difference in chemical behavior which causes animal organisms 
to prefer calcium. Thus the radiostrontium content of newly deposited bone 
calcium is less than that for food calcium. In many countries, the principal 
source of calcium is milk products, so the fact that cow’s milk has only one- 
Seventh the strontium in it per gram of calcium that the cow’s food has, and 
that milk taken into the human body similarly deposits calcium in the bones with 


=«“The Radiological Dose to Persons in the U.K. Due to Debris From Nuclear Test 
Explosions,” AERE HP/R 1701, N. G. Stewart, R. N. Crooks, and E. M. R. Fisher (1955). 

. NYO—4889, “A Study of Fallout in Rainfall Collections From March Through July 
1956,” W. R. Collins and N. A. Hallden, Apr. 30, 1957. NYO-4751, “Summary of Ana- 
lytical Results From the HASL Strontium Program to June 1956,” J. H. Harley, E. P. 
Hardy, Jr., G. A. Wolford, I. B. Whitney, M. Eisenbud, Aug. 31, 1956. NYO-—4862, 
Summary of Analytical Results from the HASL Strontium Program, July Through 
December 1956,” J. H. Harley, E. P. Hardy, Jr., I. B. Whitney, and M. Eisenbud. 

2 Chemical Dynamics of Bone Mineral,” W. F. and Margaret W. Neuman, Monograph, 
University of Chicago Press (1958). 
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only half the strontium 90 content of the milk itself means that human beings 
naturally have a lower strontium 90 to calcium ratio for new bone than for the 
food source by something like a factor of 15 for dairy products. On the other 
hand, vegetation containing strontium 90 also deposits its strontium relatively 
inefficiently with a factor of something like 4 less strontium in the bone from 
these sources than is carried in the vegetable food itself—all relative to calcium. 
In some countries where calcium in the human diet comes principally from 
vegetables other sources of calcium contribute, sOme of which contain essep- 
tially no strontium 90—namely seafood. Because fallout is diluted so quickly by 
the action of the waves in the ocean, the concentration of the radioactive stron- 
tium in the sea calcium is very much lower than it is in the soil of the land in 
which the grass and vegetable crops grow. This difference becomes even larger 
when the effects of direct leaf and stem base pickup are considered This per. 
haps accounts for the high values reported by Ogawa™ for rice in Japan. §o, 
fish from the sea are naturally at the lowest level in radiostrontium and sea- 
food should be the lowest source of calcium among ordinary human foods. 
With all of these factors taken together, the world populations assimilate cal- 
cium at a much lower radiostrontium content than is exhibited by land plants to 
a very considerable degree. Eckelmann, Kulp, and Schulert*” have given a de 
tailed sample calculation recently, based on their extensive measurements on 
human bone. 

(5) The biological hazard from the radioactive fallout from weapons testing 
is not well known, and like many biological problems the determination of the 
hazard in any exact way seems to be almost impossibly difficult. Fortunately, 
however, it is possible to compare the radiation from radioactive fallout with 
the intensities of natural radiation to which we are always exposed. For exam- 
ple, it is clear that the present level of the radiostrontium in the bones of young 
children which are, of course, closest to being in equilibrium with the tallout 
since adults have had their bones some time even before there was any 
radioactive fallout, is about 2 milliroentgens per year as compared to an 
average natural dosage of 150 to 200 milliroentgens per year, about 1 to 2 
percent of the dosage from natural sources to the bones depending upon loca- 
tion. Natural radoiactivity present in the ground, building materials, and 
even in our own bodies gives us an average total dose at sea level of about 150 
milliroentgens per year, and medical X-rays add something like another 150 
milliroentgens. The radiocesium taken into the body and the penetrating 
radiations from nonassimilable radioactive fallout contribute perhaps another 
3 or 4 percent to the whole body dosage. Thus the total dosage to freshly 
formed human bone is at most 5 percent of the natural dosage. Furthermore, 
we do know that the variations in natural background dosages from place to 
place are enormous in magniture as compared to the average value, and of course 
as compared to the fallout dosage. For example, it has been found™ that 
exposure rate from external radiation rise from a value of about 110 millroent- 
gens per year at sea level to something like 230 milliroentgens per year at 5,000 to 
6,000 fet altitude in the United States. These numbers are considerably larger 
than those expected on the basis of earlier calculations and measurements,” * 
the increase apparently being due to the cosmic rays and their increase with 
altitudes.” In addition, the effects of radioactivity in the soil and in building 


- ad hue. Contamination in Japan,” I. Ogawa, Bul.etin of the Atomic Scien- 
sts 14, 35 58). 

26 “External Radiation Measurements in the United States,” L. P. Solon, W. M. Lowder, 
A. V. Zila, H. D. LeVine, H. Blatz, and M. Eisenbud, Science (in press). 

27 P. R. J. Burch, Physical Society, Series A 57, 421 (1954). 
as ee Rays From Local Radioactive Sources,’’ H. V. Neher, Science 125, 3257 


57). 
“The Biological Effects of Atomic Radiation,” National Academy of Sciences (1956). 
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materials made of stone or soil are considerable, amounting in some instances to 
50 or 100 percent of the average natural background dose at sea level, and the 
magnitude of the medical exposures to X-rays approximates on the average 
those due to all natural sources.” 

We see, therefore, that whatever the extent of our ignorance of the biological 
effects of radiation, we do know that these effects are not unexperienced by the 
human species, even from the genetic point of view, since it is clear now that 
persons living at high altitudes on granitic rocks always have received extra 
radiation many times greater than is contained in the radioactive fallout from 
the testing of nuclear weapons, and that even those living on certain sedimentary 
rocks at sea level always have received about 10 to 20 times the present fallout 
dose. 

Of course, this does not mean that any of the effects from radioactive fallout 
are in any way negligible and it does not mean that certain numbers of people 
will not be injured by radioactive fallout radiations, even though these numbers 
be very small relative to the total population of the world. However, the prob- 
lem is bounded, and commonsense and good judgment can be brought to bear 
on the extent of the biological hazards even though they are not now known 
exactly, and probably will not be well understood for many years. Researches 
to increase this understanding are being done, especially in the United States 
and United Kingdom and other countries. Information on radioactive fallout 
and all of its aspects, both physical and biological, is collected and collated 
by the United Nations’ Scientific Committee on the Effects of Atomic Radiation, 
which is drafting its first report at the present time. 

(6) From our study of radioactive fallout from testing, we have learned much 
of value about the circulation of the atmosphere of the world, and we have much 
more to learn as the study continues, particularly in the stratosphere by balloon 
and aircraft sampling techniques being carried out principally in the United 
States at the present time. As we undertake the problem of locating the fallout 
in the oceans, we undoubtedly will learn much of interest to oceanographers about 
the circulation of the water in the seas. 

(7) From our understanding of radioactive fallout from tests, we are the 
better able to devise methods of civilian defense against fallout in the case of 
nuclear war, and widespread popular interest in the potential possible hazards 
from radioactive fallout from nuclear tests has led to a considerable understand- 
ing on the part of the general public of these strange phenomena. From this 
debate and study may come the protection for millions in the case nuclear war 
should oceur. 

Understanding of the nature of the mechanism by which radioactive fallout 
is disseminated has led to the reduction of the offsite fallout from testing. We 
know now that bombs placed upon the ground produce relatively more local 
fallout and therefore less worldwide fallout. It seems likely that firing on 
> surface of the sea has a similar, though probably considerably less marked 
effect. 

Il. RECENT DATA AND THEIR IMPLICATIONS 


Figures 1, 2, 3, 4, and 5 (attached) and tables I, II, and III, which are up-to- 
date versions of earlier publications, give the most recent results for the fallout 
observed for rainfall collections, for the strontium 90 content of milk (fresh 
and dry), for human bone, and for animal bone. It is particularly interesting 
to note that the data continue to show the principal features noted previously 
and that little new in principle has appeared. 


* “Aspects of Genetic and Somatic Risk in Diagnostic Roentgenology,” B. P. Sonnenblick, 
Journal of Newark Beth Israel Hospital, Newark, N.J., VII, 2, 81 (1957). 
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TABLE II 


gr” in fallout at monitoring sites outside continental United States (high-walled 
stainless steel pot collections) 


Precipitation | Observed me Me Sr*/mi? 
in inches Sr®/mi? calculated 
from theory 
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Rio de Janeiro, Brazil (23° S.): 
September 1956 
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December 1956 
January 1957 
February 1957 

Salisbury, South Rhodesia (20° S.): 
November 1956 
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Oahu, Hawaii (20° N.): 
June 1957 
July 1957 
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Month in inches 
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Precipitation Observed ! Mc Sr/mi? 
Month in inches me Sr*/mi? calculated 
from theory 


West Los Angeles, Calif. (34° N.): 
December 1956-- aa s 
January 1957-. pc acthahudecackgdceaeabedecke 
ONE GEES ebb ccs «, bandana debagaianse 
March 1957. -- 
April 1057......-..-- 
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1 Some local fallout from Nevada. 


Mc Sr*/mi* calculated 
from theory 
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South Miami, Fla., (26° N.): 
April 1957 
May 1957 - 
June 1957 


August 1957 
September 1957 


° Pers, |. PP 
Br eo S528 


4 








(681) r (9%) $90 (Z1) zg0° (OF) 020° F (64) 690° (ee) OF° (9%) Lg° “pLomM anug 
(01) ; (g) £0° (¥) £0° : ; * @) wo “"""BITeljsny 


(2) , (¢) sO" (g) 90° (8) ZI° 5 . (%) ze" @) at" ‘ ose a 

(6) / ; “1 0h) v0" : ; (Z) 90° ; a. . 1 5 Pa a oa 
(ee) 10° @) 80° 49) 90° (9) v0" : F 6) () : : Fe a 

(€1) . (1) 10° (g) 90° (@) 20° : : (9) 61° (I) 08" F obs ________ SOeUry YINoOg 
(29) 1 (81) 200 (g) $0'0 (91) 980° " ’ ($1) se" (41) 69° ’ c : ~"“BOMOUTY YON 


08 01 09 6S 91 OF 6h 03 OF 68 91 08 62 93 02 61 0} OT 693 ¢ 


(@3¥10AR) 





UO0l}B00'7 
(4804) YQBIP 4e OF VY 


41039480 94} UJ Seldures Jo JoquINU oY} 9AIZ SeseyjUeIEd UT sons] 
I { d 
[Uo,@]oHs BfOYUM OY} 0} Pez{TeuLIOU ‘BO Jo 3/1g OF” UT OI sane A] 


L961 ‘08 aunf—gg6] ‘1 Ajne ‘unw ur yuajzuos og wnyuogs abviaay —']]] av], 


M 
& 
i 
am 
& 
MD 
Z 
© 
Oy 
= 
a 
= 
& 
< 
& 
4 
oO 
~ 
Zz 
a 
o 
jon] 
oe) 
& 
~ 
° 
Pe 
4 
= 
aa 





FALLOUT FROM NUCLEAR WEAPONS TESTS 2209 


Figure 6 shows preliminary data on the stratospheric content of strontium 90. 
The data are preliminary for the reason that the air filter efficiencies are un- 
known at the present, although estimated to be something like 25 percent. The 
samples are taken by pumping stratospheric air through filters which are then 
analyzed. It is clear that even though an enormous scatter is present for 
reasons of time and experiment, it also is clear that there is no large variation 
in the stratospheric content of strontium 90 between the latitude of 30° S. and 
the Northern Hemisphere. Since most of the megaton yield explosions have 
occurred in the northern latitudes, though the Pacific testing grounds are only 
11° north of the equator, it appears that this evidence argues for rapid north 
and south mixing in the stratosphere. As we shall see later, other evidence 
in the dissemination of nonradioactive carbon dioxide derived from the com- 
bustion of fossil fuels""""* and of the dissemination of bomb-derived radio- 
active carbon-14 seems to confirm this.“ ™ It is interesting to note also that the 
actual content of the stratosphere is not in disagreement with the estimates 
given earlier,‘** although the value of the filter efficiencies remains to be 
settled, and it is estimated at the efficiency of about 25 percent on evidence 
assuming homogeneity of the particle size. Experiments are now underway to 
settle the point. 

In the model previously advanced,‘** it is proposed that material introduced 
into the stratosphere is mixed immediately horizontally to a uniform concentra- 
tion and has a residence time of 10 years. Further, it is assumed that the lati- 
tudinal spread of tropospheric bomb clouds is only 10° with a sharp-step function 
rather than a normal error curve distribution. The bomb debris is arbitrarily 
assigned to the stratosphere except for 1 percent tropospheric in the case of 
megaton yields. Local fallout is assumed to be 80 percent for land-surface shots, 
20 percent for surface-water shots, and 10 percent for air shots. All kilo-yield 
shots are assigned to the troposphere. On these very simple bases we are then, 
from classified data about the magnitudes and nature of the explosions, able 
to estimate the total fallout for any place on earth if the deposition from the 
troposphere is assumed to be proportional to the rain content at a given location. 
Figure 7 gives such a theoretical latitudinal fallout profile for worldwide fallout 
as of December 1957, neglecting rainfall variation, and figure 8 is the corre- 
sponding world map. Figure 9 gives the corresponding timewise variations in 
the northern latitudes and compares them with the rainfall fallout curves for 
Milford Haven in England.” Figure 10 gives a similar comparison for Chicago 
and Pittsburgh. Curves for other latitudes are given in figures 11 and 12. 
Figure 13 gives the estimated stratospheric reservoir and the expected composi- 
tion in strontium 89 versus time. If a further assumption is made; namely, 
that the proportion of the fallout in a given location is given by the ratio of the 
rainfall to the worldwide average, 0.77 meters,” it is possible to compare the 
detailed fallout observed by the pot collection programs in various localities with 
the theoretical predicted values, and these are given in table IT. 

On the basis of these comparisons and in the absence of conclusive evidence as 
to the age of radioactive fallout, it appears that the simple theory outlined ex- 
plains the known information within the experimental error. It may develop 
when more reliable data are available on the age of fallout through the use of 
short-lived, 12.8-day half-life barium 140 fission product, that a mechanism by 
which a sort of concentrated leaking from the stratosphere occurs at a latitude 
of about 40° more may be proved or disproved. At the present time the ob 


" “Reduction of Atmospheric Radiocarbon Concentration by Fossil Fuel Carbon Dioxide 
and oe Mean Life of Carbon Dioxide 2 the Atmosphere,” G. J. Fergusson, Proc. Royal 
Soc, of London, series A 243, oe gh NB 58). 

“Radiocarbon Concentration i ogere “Wood,” H. B. Suess, Selence 122, 415 (1955). 

= “Natural eae of Radiocarbon and the Exchange Time of CO, between Atmos- 
phere and Sea,” H. Craig, Wels a4 (1957). 

Carbon Dtesiae re C0, Buri tween tmosphere — Ocean, and the Question of an 

Incret se of Atmospheric CO, During the Past Decades,” R. Revelle and H. Suess, Tellus 


°, 1 ae nggbstibation of Carbon- 14 in Nature,” J. R. Arnold and E. C. Anderson, Tellus 
*“Atom Bomb Effect—Recent Increase of Carbon-14 Content ff the Atmosphere and 

ne "TA. Rafter and G. J. Fergusson, Science 126, 557 (1957). 
Rafter, New Zealand Journal on Science and Technology B37, 20 (1955),; 18 


871 uest 
Williams, wivate communication. 


» dine Worldwide Pevesttien . of Long-Lived Biasion Products From Nuclear Test Explo- 
Fisher a. HP/R 2354, N. G. Stewart, R. G. D. Osmond, R. N. Crooks, B. M. R. 
sher ( ) 


“ “Geochemistry,” Rankama and Sahama, University of Chicago Press (1950), 
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served extreme concentration may be explained as being due to coincidence of 
the tropospheric fallout from the United States and Russian tests. If this 
theory be correct, the barium 140 content in periods of high fallout will show 
that the fallout is young. It is to be hoped that these data will be forthcoming 
soon. 

Machta,*“ and Stewart, Osmond, Crooks, and Fisher™ have stated that 
meteorological considerations and likely stratospheric wind patterns, together 
with evidence that the Sr*/Sr” ratio of the fallout shows the fallout to be old, 
have led them to the conclusion that the heavier fallout observed in the 40° to 
50° N. latitude band is stratospheric and not tropospheric in origin as proposed 
here. The issue still seems to be unsettled since the radiochemical difficulties of 
the determination of the Sr*/Sr® ratio are large and may well have introduced 
sizable errors into some of the reported values for this number and since it ap 
parently is possible to account reasonably well for the observed fallout distribu- 
tion on the present uniform stratospheric fallout theory as shown in the present 
paper. The critical difference between the two theories is in the matter of the 
age of the fallout. Better and more significant results probably will be avail- 
able soon using the Ba™/Sr®” ratio which for both radiochemical and lifetime 
reasons is more suitable than Sr*/Sr”®. Ba™ has a half life of 12.8 days which 
is more appropriate to distinguishing between an expected fallout age of perhaps 
30 days on the one hand and of about 1 to 2 years on the other, than is the Sr® 
half life of 51 days. The radiochemical procedure for Ba™ is very similar to 
that for Sr” and both are more sensitive and reliable than the Sr” procedure 
which is particularly susceptible to errors from radioactive impurities such as 
other fission products which may have been imperfectly separated. Both Ba™ 
and Sr®* are measured by short-lived radioactive daughters of characteristic 
half life and which can be repeatedly removed and measured since a new supply 
is grown into equilibrium each time a separation has been made. 

The importance of settling this point is obviously considerable for both 
meteorology and geophysics and certainly for the understanding of the mechanism 
of radioactive fallout. Perhaps the Ba™ data will show the truth to lie some- 
where between the two mechanisms. 


Bomb carbon 14 


Rafter” and Rafter and Fergusson®™ have shown carbon 14 increases in sur 
face air at Makara in New Zealand and in New Zealand woods and ocean car- 
bonate as shown in figure 14. This additionai carbon 14 is due to bomb-generated 
neutrons which react with air nitrogen to produce it. They find about 2.1 per- 
cent increase per year. 

Williams * of humble Oil & Refining Co., finds 3.0+9.5 percent per year in 
Texas tree rings, figure 14, and de Vries ® in Holland, and Munnich “ in Heidel- 
berg, Germany, both report increases. The carbon 14 increase in the flesh of 
the land snail, helix pomatia, amounted to 4.3 percent between November 1958 
and June 1957 in Holland, while an increase of about 10 percent during 1955 and 
1956 occurred in Heidelberg in various biosphere samples. 

At a rate of 2.5 neutrons per 200 Mev. of energy release, 1 megaton would 
generate 3.210" carbon 14 atoms. The best estimate, keeping in mind that a sub- 
stantial amount falls back as calcium carbonate, would be that about 10” carbon 14 
atoms have been introduced into the: atmosphere, mostly into the stratosphere. 
The estimate of 2.5 neutrons per 200 Mev, energy released is higher than an earlier 
estimate based on an assumed 15-percent escape efficiency,“ the later value being 
based on firmer information. It also attempts to weigh fusion and fission as 
they have actually occurred. 

About 9.410” carbon 14 atoms are normally present in the stratosphere due 
to cosmic ray production.“ This figure assumes 22 percent of the atmosphere 
to be in the stratosphere. Therefore, with worldwide stratospheric circulation, 
the rise in the stratosphere should be about 100 percent as was found in a few 
measurements made on samples collected in October 1956. Further measure 
ments are in progress. 


“LL. Machta, Indianapolis meeting, AAAS, December 1957 (in press). 

42“‘Atom Bomb Effect. The Natural Activity of Radiocarbon in Plants, Shells, and Snails 
in the Past Four Years,” H. de Vries, Science (in press). 

“K. O. Munnich, private communication. 

“ “Radioactive Fallout and Radioactive ee F. Libby, Science 123, 657 (1956). 


nr Dating,” W. F. Libby, Univ of Chicago Press (1955), second 
edition. 


In t 
per yé 
scende 
tory i 
the ot 
have k 

If 1 
imme 
100 m 
an ex 
fair a 
the bi 

The 
effect 
gases 
wide 

In | 
on re 
molec 
spher 
in les 

Col 
gases 
bomb 

Fig 
the ¢ 
carb« 
thern 
This 
strat 
chart 
in th 
certa 
join 
fract 

Of ce 
of th 
ism. 
occu 
trair 
trop 
yiel¢ 





istic 
pply 


lism 
yme- 


sur- 
car- 
ated 


r in 
idel- 
h of 
1958 


ould 
sub- 
m 14 
rere. 
rlier 
eing 
n as 


here 
tion, 

few 
sure 


snails 


956). 
cond 


FALLOUT FROM NUCLEAR WEAPONS TESTS 2211 


In the troposphere in the 3 years since the 1954 Castle test at the 10-percent 
per year figure used for fallout, about 3X10” carbon 14 atoms should have de- 
scended, or about 1X10” carbon 14 atoms per year. The average carbon 14 inven- 
tory in the troposphere is 3.310” without including the ocean or biosphere, so 
the observed carbon 14 rise might be as high as 3 percent per year as appears to 
have been observed. 

If mixing with the biosphere and top ocean above the thermocline occurred 
immediately, according to Arnold and Anderson (35) /who gave 0.2 g/cm’ in the top 
100 meters of the ocean, the total tropospheric reservoir would be 7.5 x10”, giving 
an expected rate of increase due to the bombs of 1.3 percent per year which is in 
fair agreement with the observations if we assume the mixing with the ocean and 
the biosphere, particularly the former, is not quite instantaneous. 

The main points are that the ratio of the Northern to Southern Hemisphere 
effect here is not enormous and fits fairly well with the notion that stratospehire 
gases have a residence time not too different from that of the ultrafine world- 
wide fallout particles. 

In addition, Fergusson ™ has recently found in studying fossil CO, and its effect 
on reducing the carbon 14 content of the biosphere that the mean life of a CO, 
molecule before being absorbed from the tropospheric air into the oceans and bio- 
spheres is perhaps 2 years and that north to south mixing of the fossil CO. occurs 
in less than 2 years. 

Consequently, it seems clear that the 10-year residence time for stratospheric 
gases before descent into the troposphere seems to fit data for carbon 14 from 
bombs as well as the strontium 90 and cesium 137 fallout data. 

Figure 15 gives up-to-date data on the occurrence of tritium in rainwater in 
the Chicago area™““. It is clear that whereas strontium 90 and probably 
carbon 14 remain in the stratosphere for years, the tritium from high yield 
thermonuclear detonations does not, but descends in a matter of 1 or 2 months. 
This most probably is due to the enormous mass of water carried into the 
stratosphere by the fireballs of detonations in the moist tropospheric air. The 
characteristic white mushroom cloud is evidence of the formation of ice crystals 
in the cold stratospheric air, which if large enough to be seen in this way must 
certainly be large enough to fall into the troposphere where they melt and 
join in the ordinary phenomena; i.e., fall out as rain or snow. Thus a large 
fractionation relative to fission products and radioactive carbon dioxide occurs. 
Of course, there probably is some entrainment of fission products on the surfaces 
of the falling ice crystals by the Greenfield Brownian motion accretion mechan- 
ism. In fact, it is known that about 1 percent of megaton yield off-site fallout 
occurs in the early banded tropospheric manner. This may be due to this en- 
trainment and thus one would expect that the latitudinal distributions of early 
tropospheric fallout of both fission products and tritium water from megaton 
yield bombs fired in the troposphere “ should be identical. No satisfactory data 
are now available to check this point. In the calculations in this paper the 
figure of 1 percent for tropospheric contribution from megaton yields has been 
used. 

III. CONCLUSION 


The more recent data, particularly on bomb carbon 14, when taken together 
with the earlier data on bomb fission products and tritium, give us some confi- 
dence in our present understanding of the fallout mechanism. All of these 
observations and considerations afford unprecedented opportunities for the 
study of meteorology and geophysics, particularly in an international coopera- 
tive effort such as the International Geophysical Year. 


“Natural Distribution of Tritium,” S. Kaufman and W. F. Libby, Phys. Rev. 93, 1337 
(1954). 

“Continental Water Balance, Ground Water Inventory and Storage Times, Surface 
Ocean Mixing Rates and Worldwide Water Circulation Patterns From Cosmic-Ray and 
Bomb Tritium,” F. Begemann and W. F. Libby, Geochimica et Cosmochimica Acta, 12, 
277-296 (1957). 
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(DECEMBER 1957) 


THEORETICAL LATITUDINAL FALLOUT PROFILE 
LATITUDE 


STRATOSPHERIC FALLOUT 
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RADIOACTIVE FALLOUT 


Remarks prepared by Dr. Willard F. Libby, Commissioner, U.S. Atomic Energy 
Commission, for delivery at the University of Washington, Seattle, Wash., 
sponsored by faculty of the College of Engineering, faculties of the Departments 
of Chemistry and Physics in the College of Arts and Sciences, and the Uni- 
versity Office of Lectures and Concerts, March 13, 1959 


I. INTRODUCTION 


Radioactive fallout is the radioactivity produced by the detonation of nuclear 
weapons. It has been extensively studied and reported upon (1-30) and, in 
general, although certain questions remain unanswered, the broad characteristics 
of the behavior of radicactive fallout have been established. We might take a 
few minutes to review these. 

The stratosphere, the top fifth of the atmosphere lying above 40,000 feet, plays 
an extremely important role. In fact, the fallout from megaton yield weapons 
occurs very largely from it while the troposphere is the medium which dissem- 
inates the fallout from kiloton detonations ; thus, speaking broadly, stratospheric 
debris is from H-bomb detonations and the tropospheric fallout is from A-bombs. 
It is not that the yield of the detonation is determinative, but rather the altitude 
to which the fireball rises that determines the fallout rates. The metagon yield 
fireballs are so enormous that they stabilize at levels only above the tropopause— 
the imaginary boundary layer dividing the upper part of the atmosphere, the 
stratosphere, from the lower part, the troposphere—while the kiloton yield fire- 
balls stabilize below the tropopause. The tropopause normally occurs at some- 
thing like 35,000 to 55,000 feet altitude, although it depends on season and 
location. In other words, low-yield bombs fired in the stratosphere would be 
expected to give the same fallout rates as high-yield weapons do when fired in the 
troposphere—or on the surface. There is some small part of the fallout for 
megaton yield explosions which does not reach the stratosphere. 

The stratospheric debris descends very slowly unless, of course, it is so 
large as to fall in the first few hours. This paper is concerned only with the 
worldwide fallout—that is, the fallout which does not occur in the first few 
hours and excludes the local fallout which constitutes the famous elliptical 
pattern which is so hazardous because of the intensity of its radiation at early 
times but which, in test operations, is carefully restricted to test areas. It 
is worth mentioning in passing that the local fallout may be the principal 
hazard in the case of nuclear war. Most serious attention should be paid to 
it in civilian defense programs. 







































II. WORLDWIDE FALLOUT MECHANISM 






The worldwide fallout from the stratosphere occurs at a slow rate. The 
rate of descent of the tiny particles produced by the detonations is so small that 
something like 5 to 10 years appears to be the average time they spend before 
descending to the ground, corresponding to an average annual rate of about 10 
to 20 percent of the amount in the stratosphere at any given time. It is not 
clear as to just how they do finally descend. It seems possible that the general 
mixing of the stratospheric air with the tropospheric air, which occurs as the 
tropopause shifts up and down with the reason as well as what is brought about 
by the jetstreams, constitute the main mechanisms. The descent of the strato- 
spheric tallout apparently is never due to gravity but rather to the bulk mixing 
of stratospheric air with tropospheric air which brings the radioactive fallout 
particles down from the stratosphere into the troposphere where the weather 
finally takes over. This mechanism makes the percentage rate the same for all 
particles too small to fall of their own weight—and the same as would be 
expected for gases, providing some means of rapidly removing the gases from 
the troposphere exists, so the reverse process of troposphere to stratosphere 
transfer does not confuse the issue. 

The worldwide fallout from the stratosnhere descends very slowly and one 
of the questions unanswered at this time is just at what rate it does descend. 
There have been various estimates from 10 percent per yea. to 2u percent or 
even higher. But everyone is agreed that the stratosphere does hold its radio- 
active fallout for a much longer time than the lower part of the atmosphere. In 
fact, the stratospheric material has a residence time of something like several 
years and we shall estimate, in the course of the discussion, that this figure is 
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something like 6 years, whereas the troposphere has a mean residence time 
of about 1 month with the lower 10,000 feet of it being washed clean on the 
average about every 3 days. Between 10,000 feet and the tropopause, which igs 
at something like 35,000 to 55,000 feet, the residence time is perhaps 45 days 
for a mean time for the troposphere of about 1 month. Thus, we see that radio- 
active fallout which is injected into the troposphere is restricted to the general 
latitude of the detonations for the reason that the residence time is so short 
that it doesn’t have time to mix appreciably latitudinally. 

The principal mechanism for removal from the troposphere to the surface is 
rain. The tiny fallout particles hit cloud droplets and stick to them. Because 
the particles are so small (perhaps a few hundred atomic diameters), they are 
subject to a violent random jiggling motion due to collisions with air molecules, 
It is this motion which causes them to hit the cloud droplets. This motion is 
ealled the Brownian motion. In fact, for a particle 1 micron in diameter, 
treenfield (28) calculates that the mean residence time in a typical cloud of water 
droplets of 20 microns diameter will lie between 50 and 300 hours, that for a 
particle of 0.04 micron diameter it will be between 30 to 60 hours, and that for 
a particle of 0.01 micron diameter it will be between 15 to 20 hours. The 
theory calculates the diffusion due to the Brownian motion and says that it is 
just this motion induced by the collisions with the air molecules which makes 
possible the contact between the fallout particles and the cloud drops. Since 
this theory is based on first principles with the single assumption that the 
fallout particle sticks to the water droplet on impact—an assumption so plausible 
as to be almost beyond doubt—it is no surprise to learn experimentally that the 
Greenfield theory appears to be correct. 

There is essentially no worldwide fallout in the absence of rainfall; i.e., in 
desert regions—except for a little that sticks to tree leaves, blades of grass, 
and general surfaces, by the same type of mechanism Greenfield describes in 
the case of clouds. Thus we see that it is the moisture in the troposphere 
which assures the short lifetime of the worldwide fallout particles and, that 
when the stratospheric air which contains essentially no moisture* and, there- 
fore, has no cleansing mechanism, descends into the troposphere, the tropo 
spheric moisture proceeds to clean it up. On this model, we see that for 
submicron fallout particles, weather phenomena are controlling and that the 
bombs which have insufficient energy to push their fireballs above the tropopause 
will have their worldwide fallout brought down in raindrops in a matter of 
about 1 month on the average, in extreme contrast with the stratospheric 
material which apparently stays aloft for years on the average. 

The contrast between these two lifetimes means that the concentration of 
radioactive fallout in the stratospheric air in terms of equal densities of air is 
always much higher than in tropospheric air. This has been experimentally 
observed to be true. 

Data from measurements made at the surface as given in figures 1 to 5, 
inclusive, are calculated from surface air filter measurements made by the Naval 
Research Laboratory (29). Figures 1 and 2 present the mixed fission product 
data and figures 3, 4, and 5 give data obtained by analysis of the filters and 
calculated as rates of strontium 90 fallout. The calculation of fallout rates 
from the air-filter data was made by assuming the mean residence time in the 
lower atmosphere to be 3 days. Ten thousand feet is estimated to be the 
average thickness of the air lying below the rain origin. The observed fallout 
rate in Pittsburgh for the same period of time checks very well with the cal- 
culated rate for Washington, D.C., from the air-filter data. 

Tables I and II give the results of similar calculations for both mixed fission 
products and air-filter strontium 90 data for various latitudes. The theoretical 
values are those calculated from the model, assuming the average tropospheric 
residence time of 1 month and of the stratospheric material 10 years. 

The mean average concentration in the lower atmosphere during the last 
months of 1957 and the first few months of 1958 was about 1 disintegration per 
minute per 100 standard cubic meters or 0.26 per 1,000 standard cubic feet in 
the Northern Hemisphere. At this time the content of the higher troposphere 
would have been expected to be about 15 times this or 3 to 4 disintegrations per 
minute per thousand standard cubic feet. This would be expected for air just 
below the tropopause in the higher levels of the troposphere. 


*The total water in the stratosphere is about 0.01 gms/cm?, or less, while that in the 
troposphere is about 2 gms/cm?, 200 times as much. 
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We understand the broad problems of the residence time and the scavenging 
mechanism for the troposphere. In brief, fallout comes down from the tropo- 
sphere mainly with rain; as a consequence of accretion in clouds by the rapid 
diffusive movements of the tiny particles causing them to hit the cloud droplets. 
By the same type of mechanism, contact with any surface such as grass, leaves, 
trees, etc., also will cause deposition. As a result of this, the mean residence 
time in surface air up to about 10,000 feet is about 3 days and the average resi- 
dence time for the whole troposphere is about 1 month. The residence time for 
the higher part, the top 20,000 to 30,000 feet, would be something like 45 days 
with an expected steady state concentration perhaps 10 to 15 times the value 
at the surface. 

Now let us turn to the question of the residence time in the stratosphere. This 
is a very difficult one in the absence of reliable data on the actual quantity of 
bomb debris in the stratosphere. In the absence of firm direct measurements, 
one makes estimates of the stratospheric content by adding the amount of radio- 
activity which is injected, subtracting the fallout and subtracting for the decay 
and thus calculating the difference. In this way numbers are derived which can 
be used to compare with the inadequate information that is available on strato- 
spheric content. Now it isn’t always clear just what fraction of a bomb falls 
out locally and what fraction goes into the stratosphere and troposphere. How- 
ever, certain empirical rules have been used to estimate these numbers. These 
are (1) the megaton bomb debris which does not fall out locally in the first few 
hours is assigned 99 percent to the stratosphere and 1 percent to the troposphere ; 
(2) local fallout is assumed to be 80 percent for land surface shots and 20 per- 
cent for surface water shots and negligible for air shots; (3) all kiloton shots 
are assigned to the troposphere; (4) it is assumed that the latitudinal spread 
of tropospheric bomb clouds is only 10 degrees with a sharp step function rather 
than a normal error curve distribution and the residence time for this fallout 
is taken to be 1 month as described above. On the basis of these assumptions, 
knowing the yields and types of bombs which have been fired, we estimate the 
total stratospheric inventory and on the basis of various reasonable strato- 
spheric residence times predict the stratospheric fallout over the earth’s surface 
for an averaged intensity of rainfall. Figure 6 gives the stratospheric inventory 
for strontium 90 as deduced in this manner up to January 1, 1959, calculated on 
the basis of two assumed residence times—5 and 10 years. 

It is interesting to note the tremendous rise in October of last year due to the 
Russian test series in the polar regions, as shown in figure 6. This makes possible 
a searching test of all the theories of stratospheric storage, mixing and fallout 
and in particular of an interesting new one advanced recently by E. A. Martell 
(22) Dr. Martell’s theory is that whereas equatorial shots would have their 
radioactive debris distributed uniformly throughout the stratosphere and 
might well come down according to a residence time of 5 to 10 years, this 
is not true for shots made in the polar regions as for the Russian tests. He 
Suggests that there may be a distinction to be drawn for these as compared to 
the United States-British tests carried out near the Equator. For the polar 
shots he suggests a much shorter residence time—1 year or less—and over the 
northern latitudes of the particular hemisphere involved. The Russian October 
series makes an immediate and definitive test possible. In table II we display 
the strontium 90 fallout rate for northern latitudes expected now—on Dr. Mar- 
tell’s theory—of some 32 millicuries of strontium 90 per square mile per year with 
an average age such that the ratio of the 51-day strontium 89 to strontium 90 
should be 115 in November decreasing to 51 in January as compared to expected 
rates on the older uniform distribution theory of 2.6 or 5.1 millicuries per square 
mile per year depending on whether the stratospheric residence time be taken as 
10 or 5 years respectively and with the strontium 89 to strontium 90 at 51 for 
November, 36 for December, and 26 for January 1959. 

In the table data are given for November for Pittsburgh, December for West- 
wood, N.J., and January for Washington, D.C., which, as you see, fall somewhat 
intermediate between the two theories, perhaps more closely fitting the old 
theory, particularly insofar as the strontium 89, strontium 90 values are con- 
cerned. At the present time it does not seem to be possible to decide definitely 
between the two alternatives, though the next few months should give us ade- 
quate data to distinguish between them. 

In order to better delineate and understand the mechanism by which strato- 
spheric fallout occurs the Atomic Energy Commission added the isotopes 
tungsten 185 and rhodium 102 to some of the nuclear devices exploded in the 
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Hardtack series last summer. Tungsten 185 with a half life of 74 days was 
produced in a number of detonations over silica sand. Underlying the study 
of tungsten 185 is the hope that by determining the contribution of a single 
equatorial test series in all parts of the world it would become possible to dis- 
tinguish among the different models which have been proposed: (1) the one by 
the author in which the stratospheric material is assumed to mix uniformly 
over the world and then fall out at a rate corresponding to a residence time of 
5 to 10 years or something intermediate to be determined; (2) the one which 
Dr. Machta is proposing (similar to a model suggested earlier by Dr. Stewart) 
is as follows: There are two transport mechanisms in the stratosphere ; diffusive 
mixing and bodily transport. The latter is a poleward drift in the stratosphere 
accompanied by sinking motion in the temperate and/or polar latitudes. The 
drift is sufficiently marked relative to the mixing to result in the main exodus 
from the stratosphere to occur in the temperate or polar latitudes. The removal 
from the stratosphere takes place primarily in the spring portion of the year 
and least in the autumn. The rate of removal is a function of the time and 
place of injection and can vary with time from the same source. Thus, Dr, 
Machta agrees with Dr. Martell on the shorter residence time of debris injected 
into the stratosphere by the U.S.S.R. He considers exchange through the tropo- 
pause break to be only one of several possible modes of exit of stratospheric air 
into the troposphere; (3) the theory of Dr. Martell that uniform mixing of the 
stratosphere vertically and horizontally similar to the first model occurs for 
equatorial shots but that for a polar shot the mixing is confined to the hemi- 
sphere. 

The rhodium 102 has a half life of 210 days and was released chiefly in the 
stratosphere. Thus this isotope will allow us to measure the stratospheric 
mixing time from the data which will become available as a result of the 
sampling of rainfall over the world and the various programs for taking air 
filter samples of both the stratosphere and the troposphere. These data are not 
yet available but it might be interesting just to predict the order of magnitude 
one woud expect in rainfall. By assuming perfect mixing in the stratosphere 
in a period of something like 3 months over the whole earth, then it works out 
that 10 megacuries of an isotope would give something like 20 disintegrations 
per minute for 1,000 standard cubic meters of surface air, a readily detectable 
quantity. 

There are preliminary data already indicating that as early as October 31 
samples for the lower stratosphere near the equator at about 12° N. showed the 
rhodium 102 isotope. In other words, the vertical mixing in the stratosphere 
had occurred rapidly. This is one of the serious assumptions which the 
models have in common. There appears to be a considerable speed with which 
the stratosphere mixes, particularly model one assumes essentially instan- 
taneous mixing though, of course, as shown in the above remark one need not 
do this and perhaps 3 months’ time would be a reasonable figure to use. 

The apparent age of the fallout is measured by the Sr”/Sr” and Ba™/Sr” 
ratios. Strontium 89 with a 51-day half life and barium 140 with a 13-day half 
life give independent measures of the age. In figure 7 the results of extensive 
measurements on the strontium 89/strontium 90 ratio, as shown by rain samples 
collected monthly at various places all over the world are plotted together with 
the values predicted by the simple uniform theory for 40° N. latitude and for 
pure stratospheric fallout. According to the model, stratospheric fallout is 
the principal type occurring throughout most of the Southern Hemisphere and 
in certain parts of the Northern Hemisphere which happen not to have been 
in the paths of tropospheric debris. The theoretical calculation is made by 
taking the various contributions to the stratospheric reservoir and mutiplying 
by their calculated strontium 89 to strontium 90 ratios (new debris is taken as 
having a ratio of 180 and the half life of strontium 89 is taken as being 51 days 
with, of course, strontium 90’s half life being 28 years). In this manner the 
expected Sr*”/Sr® ratio of fallout from the stratosphere is calculated. It has 
a fluctuating value due to injections from weapons tests but it rapidly settles 
down at all times prior to October 1958 to something like 5 to 10 units. 

The tropospheric debris, on the other hand, having a mean residence time of 
only 1 month has a much higher strontium 89 to strontium 90 ratio. In making 
the calculation for the total expected fallout at any given position the amount 
of tropospheric debris is calculated by the rules given previously and the aver- 
age taken. Similar calculations are done with barium 140 which has a half 
life of 12.8 days. Since it is a much shorter lived fission product, it affords 
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a possibility of revealing details which the longer lived strontium 89 cannot 
show. Figure 8 gives detailed data for the Sr”/Sr” ratio for our most care- 
fully conducted rain fallout study, the Pittsburgh study. The theoretical curve 
is shown in the figure and again the agreement seems to be satisfactory. Figure 
9 shows the analogous data for the barium 140-strontium 90 ratio in the Pitts- 
burgh rain, and figure 10 shows recent fallout data for Pittsburgh and Westwood, 
together with the strontium 89 to strontium 90 and the barium 140 to strontium 
90 ratios for Westwood. Finally, figure 11 shows the worldwide rain deposi- 
tion data for monthly collections in various places over the world. These 
data correspond to the strontium 89 to strontium 90 ratios given in figure 7. 
All of these data are given in reference (4), that is HASL—42. 

It is clear from figures 7 through 11 that there is a strong correlation be- 
tween the strontium 89 to strontium 90 ratio and the occurrence of test series 
as shown on the bottom of the figures, and the success of the simple theory in pre- 
dicting and accounting for the strontium 89 to strontium 90 ratios indicates that 
it is quite likely that a good part of the extra fallout in latitudes in which testing 
occurs, such as the middle northern latitudes is due to tropospheric fallout and 
may not be due to Dr. Machta’s mechanism of preferential stratospheric drip 
in these middle latitudes. 

In order to alleviate the abruptness of the step-function type of assumption 
in the model proposed by the author, calculations were done assuming that 
after the first month, tropospheric debris spread out to cover a band much wider 
than in the first month and, in fact, would cover an entire hemisphere. In 
this way, theoretical fallout curves were obtained which show the total pre- 
dicted fallout at various latitudes assuming the average annual rainfall. It is 
always necessary to remember that particularly arid places will necessarily have 
low fallout and one should realize that this leads to other places having more 
fallout than they otherwise would have had. This broad band theoretical model 
may fit the observations somewhat better than the narrow band model pre- 
sented earlier. 

Figure 13 gives the latitudinal profile of total fallout from the narrow band 
step function calculation and figure 12 the broad band fallout curve. The im- 
portant question is whether these predictions agree with observations. A first 
and most important point is that the data must be valid and not due to local 
fallout. Most are for the United States and the question is whether fallout 
is somewhat high because of the proximity of the Nevada test site. In table 
III we compare United States and foreign soil strontium 90 content for the 
year 1956, the foreign-soil samples having been taken in the same latitude band 
and at the same time. It is clear that the difference is large and amounts to 
about 11.4 millicuries per square mile which corresponds to some 340 kilotons of 
local fission fallout over the area of the United States, a reasonable figure. In 
other words, the sharp division between local and worldwide fallout is proba- 
bly somewhat artificial and the U.S. test site being close to many of the sam- 
pling stations in the United States has caused the U.S. data to be high as com- 
pared to the worldwide average. Therefore, in comparing the theoretically 
predicted fallout with observation we choose to use only foreign-soil data. 
For rainfall, however, it is not necessary to do this at times when no firing 
is going on in Nevada and the Nevada test tropospheric material has been re- 
moved from the atmosphere. So, the data which are of principal use in meas- 
uring the total integrated fallout, are the foreign-soil samples. This does not 
mean to say that the soil data in the United States should not correlate with 
the rain-fallout data and, in fact they do, as figure 14 shows, which presents 
the complete series of Pittsburgh rainfall data, together with the U.S. average 
soil data as a function of time together with the theoretical for the overlap 
of the two bands at 30° to 40° from the U.S. tests in Nevada and 50° te 60° 
from the Russian midlatitude test site. 

However, to check the theory carefully, it is necessary to choose foreign-soil 
Samples which are widely selected over the world and which are carefully 
analyzed by the HCl extraction technique which removes all of the contained 
strontium 90. The only complete series of data available is for samples col- 
lected in the year 1956. They are presented in figure 15 together with the 
theoretical predicted curve for that same period. The total observed fallout was 
8 megatons of fission and the 10-year residence-time theory would predict some- 
what less than that, perhaps the average of 5.3 and 8.1 megatons, these being the 
figures for the two dates, January 1, 1956, and January 1, 1957. The foreign- 
soil samples were collected throughout 1956 and represent something like an 
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average for that period of time. Corresponding figures for the shorter strato- 
spheric residence time of 5 years are 8.08 and 12.44. It would seem from these 
numbers that a residence time in the stratosphere of between 5 and 10 years is 
indicated. We shall see later that this agrees with other information as well. 
A series of soil samples taken in the spring of 1955 and 1956, together with some 
samples taken in the spring of 1958, for which preliminary analyses are available 
are presented in table IV. Focusing on the latitudes in the Southern Hemisphere 
so that tropospheric fallout will be minimal and taking the spring 1956 data we 
obtain an average of 2.8 millicuries per square mile at that time. Doing the 
same thing for 1958 we obtain 6.5 millicuries per square mile for a difference of 
3.7 millicuries per square mile or an average fallout rate of 1.8 millicuries per 
square mile per year. Taking the mean stratospheric inventory from figure 6 for 
the year 1957 of about 24 megatons or 12 millicuries per square mile we calculate 
the stratospheric residence time which agrees with this. The result is 6.5 years 
which number will obviously agree well with the data shown in figure 15. 

The difference between the United States and foreign collections in the given 
latitude is well illustrated by the monthly rain data for July, August, and 
September 1957 (4). The average of U.S. stations for those 3 months was 2.4+.25 
millicuries per square mile while the average for foreign stations in the same 
latitude was 1.3+0.2, again agreeing with the soil data shown in table III. It 
is to be hoped that we will soon have analyses of the 1958 soil collections because 
it is clear that these data are of extreme importance in deciding about the 
mechanism of stratospheric fallout. 

Tie Asncall project, the project for sampling the stratosphere by means of 
balloons and filters continues but analytical difficulties have cast some doubt 
on the validity of the data. It is to be recalled that a rough average figure for 
the stratospheric inventory samples is 50 disintegrations per minute per 1,000 
standard cubic feet of air, and various evidence indicates that the filter effici- 
ency may be 25 percent. Taking these rough numbers one than would deduce 
that the strontium 90 content of the stratosphere averages about 200 disinte 
grations per minute per 1,000 standard cubic feet in the early part of 1958 and 
late 1957. This number agrees very well with the theoretically calculated 
stratospheric inventory given in figure 6. Turning now, again, to the surface 
air concentration data taken by the Naval Research Laboratory and quoted 
earlier in table I which gave a mean surface concentration of about 0.3 dis 
integrations per minute per 1,000 cubic feet we make a direct comparison be 
tween the observed mean residence time of about 3 days and the stratospherie 
time. Multiplying 3 days by the ratio of 200 to 0.3 the mean value at the surface 
gives the stratospheric residence time. This result is 3 years, somewhat lower 
than the two previous values. 

Taking all of these different lines of evidence into account and noting the 
general agreement with observation, we conclude that the simple model proposed 
earlier still is likely to be correct in many respects. To recount, it says that 
material introduced into the stratosphere is mixed rapidly vertically and hori- 
zontally and leaks down uniformly over the world at a rate of about 16 percent 
per year (this would correspond to a mean residence time of 6 years) into the 
troposphere where it is removed in about 1 month by normal weather processes 
and by impinging on the surface of trees, grass, and other features of the earth. 
Its main time is spent in the top 30,000 feet of the troposphere for it spends 
only about 3 days on the average in the bottom 10,000 feet. In this lower layer 
the possibility of being brought down by rainfall and surface impact is at a 
maximum. We have considerable evidence which is in the formative stages 
and we can expect that during the next weeks and months, the particular 
type of measurements displayed in table II which bear on the fate of the Rus- 
sian October 1958 debris will be most revealing. These data, together with 
measurements on the rhodium 102 should very nearly settle most of the major 
points about the stratospheric mixing mechanism. 


Ill. THE ASSIMILATION INTO THE BIOSPHERE 


The great question arises as to whether and at what rate the fallout is 
taken into the biosphere. During Operation Hardtack, a considerable effort 
was made to introduce tonnages of silica sand into firing barges on the thought 
that strontium 90 might thus be incorporated into glass-type insoluble beads 
which would th solubility and the probability of its being assimi- 


lated by plants a mals would thus be reduced. Measurements are now 
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being made on the failout with this point in mind but of course it is extremely 
difficult to distinguish the Hardtack fallout, particularly if the author’s simple 
model is correct, from the previous earlier shots, many of which were done 
in coral sand or in piain sea water and which have no insoluble components. 
It does indicate, however, the type of effort that might be made to reduce the 
assimilability of strontium 90 in the biosphere. Such an approach seems reason- 
able from a consideration of the nature of the fireball and the probable chem- 
ical processes occuring there. 

Direct study of the assimilation of radioactive fallout into the human 
body is restricted very largely to a few isotopes, particulary strontium 90, 
cesium 137, and iodine 131. Cesium 137 has been studied particularly carefully 
by Langham and Anderson at the Los Alamos Scientific Laboratory 8, 9, 12, 
14, 30) and figure 16 presents their data for the cesium 137 content of people 
in the United States in the year 1957 versus the milk content. It clearly shows 
that milk is not the only source of cesium as one would expect, a part of it comes 
from meat and vegetables even though milk is a major source. This figure 
shows also that the discrimination factor for cesium, relative to potassium in 
the milk, is about twofold, in contrast to the behavior of strontium relative to 
calcium in milk (J. 4, 5, 7, 11,73). 

They found, however, that the human content of resium 137 did not rise 
appreciably from the value of 41 + 1.3 micromicrocuries per gram of potassium 
in 1956 to the 1957 value of 44 + 1.1. This small change, together with the fact 
that cesium is an isotope which should come into rapid equilibrium with the 
human body because its means residence time is only some 120 days as compared 
to many years for strontium 90 indicates that the human body is very nearly 
in equilibrium with the food chain. First, the fact that there was no large rise 
between 1956 and 1957, together with the fact that certain observations on the 
strontium 90 content of milk and cheese over the years indicates that they too 
do not rise as rapidly as the total fallout observed in the soil, suggests that 
possibly a large part of the fallout which enters the biosphere does so by virtue 
of the pickup directly on the leaves of grass and vegetables which are eaten 
directly, either by cows or by people with the result that an entirely different 
approach to the question of the fallout hazard is made. Of course, it is absolutely 
certain that there is pickup of the radioactive fallout through the roots of plants. 
What may be the situation, however, is that this pickup is not nearly so serious 
as we have been supposing and a good part of the pickup we have observed 
has come from the leaves. If the latter is true then in a period of minimum 
fallout, the milk level and the vegetable level will fall correspondingly to a 
value somewhat closer to the amount that would come solely from the root 
pickup, and we would expect, therefore, that the steady state concentration in 
the human body of the fallout isotopes would be considerably lower than we have 
been calculating in the past. It is not clear at this time as to whether this 
conclusion is justified but further observation and study will make it clear 
and we should be alert to the importance and likelihood of this development. 


IV. CONCLUSION 


The future course of the fallout investigation is well set and is now proceeding 
on an international scale so that within doubt the major questions about the 
fallout mechanism will be answered within the foreseeable future. Remaining, 
however, will be the tremendous problems of the biological consequences of 
fallout radiation. We shall make no attempt here to consider these. It is, how- 
ever, an area of uncertainty so large that only the most conservative treatment 
of the permissible body burdens of fallout isotopes is tolerable and this con- 
servative treatment indicates that care and caution must be taken about the 
matter of additional radioactive contamination. The U.S. Atomic Energy Com- 
mission has consistently tried to reduce the magnitude of the fallout from 
atomic testing and it is clear that the new technique of testing underground can 
further greatly reduce worldwide fallout. It is to be hoped that other nations 
will adopt this procedure, even though it is sometimes difficult and more trouble. 
It does have one advantage, however, in addition to eliminating fallout ; it makes 
the test schedule independent of weather. With further development of pro- 
cedures it ought to be possible to obtain most of the results on weapons design 
with this technique. Of course, the proof testing weapons in their carriers 
might not be possible underground but the crit of whether the 
warheads operate and give the yields and behave as , can be answered 
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by this method which is fallout free. No one who has studied radioactive fallout 
has any desire to unnecessarily increase the amount of it in anyway, but it isa 
risk and hazard which is limited and which can be considered relative to the 
advantages gained. It is necessary to watch it and to control it as carefully 
as possible. 
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for tropospheric fallout is probably considerably wider than corresponds to a 
10° step function. 

(23) “World-Wide Effects of Atomic Weapons, Project Sunshine.” Aug. 6, 
1958, R-251-AEC (amended). It was this study conducted at the Rand Corp. 
in Santa Monica, Calif., in the summer of 1953 which launched the Sunshine 
project on radioactive fallout. 

(24) “Radioactive Strontium Fallout.” Libby, W. F., proceedings of the 
National Academy of Sciences, vol. 42, No. 6, pp. 365-390. June 1956. 

(25) “Current Research Findings on Radioactive Fallout.” Libby, W. F., 
proceedings of the National Academy of Sciences, vol. 42, No. 12, pp. 945-962. 
December 1956. 

(26) “Radioactive Fallout.” Libby, W. F., proceedings of the National Acad- 
emy of Sciences, vol. 43, No. 8, pp. 758-775, August 1957. 

(27) “Radioactive Fallout.” Libby, W. F., proceedings of the National Acad- 
emy of Sciences, vol. 44, No. 8, pp. 800-820, August 1958. 

(28) “Rain Scavenging of Radioactive Particulate Matter From the Atmos- 
phere.” Greenfield, S. M., Journal of Meterology, 14, No. 2, pp. 115-125, April 1955. 

(29) “Daily Record of Fission Product and Activity Collected By Air Fil- 
tration.” Lockhardt, L. B., Jr., Naval Research Laboratory, Washington, D.C. 

(30) “Cesium 137 Contamination from Nuclear Weapons Tests.” Langham, 
Wright ; Anderson, E.C. Health Physics (in press). 
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TABLE I 


DEPOSITION FROM TROPOSPHERIC FALLOUT 


Fission Product Strontium-9C 
Data* ___Data__ 


Filter Efficiency 100% (Assumed) 


Lower 10,000 feet (40% of the atmosphere) 3 day residence time 
Troposphere (80% of the atmosphere) 30 day residence time 


* (20 KT 


= 25 dpm/CuM at equator) 


(S) Southern Hemisphere 
(N) Northern Hemisphere 
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TABLE I (CONT*D.) 
B. THEORETICAL TOTAL TROPOSPHERIC FALLOUT 


1958 
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TABLE II 


1959 FALLOUT DATA AND THEIR SIGNIFICANCE FOR STRATOSPHERIC FALLOUT MODELS 


Polar Fallout Theory 22/ 


For shots at or near the Poles, the stratospheric fallout oceurs more 
rapidly than for shots elsewhere, especially the equatorial region for 
which a longer residence time of perhaps 5 to 10 years is appropriate. 


Assuming*€= 1 year for northern latitudes, the Present fallout rate 
on Dr. Martell's theory should be 32 to 33 mc/mi~/year. 


The gr°9/sr90 ratios should be 115 for November 
77 for December 
51 for January 
32 for February. 


Uniform World-Wide Theory 


Every addition is assumed to be mixed instantaneously and uniformly to 
all latitudes, longitudes, and altitudes. Then since the October addi 
tions amounted to a major increase, the fallout rates expected might be 
1.6 times the previous values or 2.6 me/mi*/yr for a 10 year residence 
time and 5.1 mc/mi2/yr for 5 years. 


The Sr®9/sr?° ratios expected would be 51 for November 
36 for December 
26 for January 
18 for February 


Experimental Data for Pittsburgh 


I. Pittsburgh rain data for November (Nuclear Science and Engineering 
Corporation) 
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28 to Nov. 2 
2 to 3 
3 to 6 
6 to 9 


15 
16 
17 
18 
19 
24 
26 
29 


TABLE II (CONT*D) 


Rainfall (inches) Sr? Fallout me/mi* sr&9 a 
0.02 +020 

31 O84, 

02 OC 

013 0073 

«30 +070 

025 0103 

-- 013 

03 -013 

004 020 

219 +059 

02 OL 

202 2030 
219 +079 


2-21 «632 


Ww 
Ww 


On 


qT nn 
7W-.J 


’ 


9w. 


= WD) £- I~ 


RBSSEt 


Versus 2.7 from Polar theory and .42 from uniform theory 
with t= 5. 


Experimental data for Westwood, New Jersey for December (Isotopes, In-.) 


te 


Nov. 19 to Nove 26 
Nov. 26 to Dec. 1 
Dec. 1 to Dece & 

Dece & to Dec. 8 

Dec. 8 to Dec. 10 
Dec. 10 to Dec. 15 
Dece 15 to Dec. 23 
Dec. 23 to Dec. 30 


Total 


Rainfall (inches) Sr9Fallout (me/mi2) sr®9/sr7° 


0.12 0129 
2-30 2542 
0.88 0153 
el O91 
2 «080 

+035 
<€ .002 
. «107 


3-70 1.139 


Strontium-90 fallout is approximately 1.00 mc/mi2/month versus 2.7 
expected by Martell or 0.4 expected by uniform theory. 
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TABLE II (CONT*D) 
E. Experimental data for Washington, D. C. for Jarmary 1959 (author) 


Dat Rainfall (inches) Sr#Fallout(me/mi2)  sr89/sr90 


Jan 1 1.84 2350 23 23 
Jane 14 to 15 017 «098 29a 


Comparison with previous years 


Pittsburgh - Average rate for last year 1.00 me/mi*/mo 
Pittsburgh - Average rate for 1955-1956 80 me /mi2/mo 


Pittsburgh - Average rate for Nov. Jane in 1955 - 1957 24 me /mi2/mo 
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TABLE III 


AND FOREIGN SOIL Sr?0 CONTENT 


1956 


Zone me /mi2 


Urdted States Average 17.7 
Foreign 20° - 30°N 5.6 
30° - 40°N 6-3 
40° - 50°N Tel 
Average 20° - 50°N 6.3 
Difference (U. S. - Foreign) 11.4 


This corresponds to 340 KT fallout versus a total of 688 KT fired 
of which 308 KT was estimated to be local. 
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TABLE IV 


A. SUMMARY SOIL DATA FOR FOREIGN SAMPLES 


Latitude Spring 1955 Spring 1956 Spring 1958 
90° § - 70°S 
70° S - 60°S 


60°S - 50°S 


50°S = 40°S 


. 
a 
nD 
. 
w 


40°S - 30°S 


30° - 20°S 


20° S - 10°S 


Ww 
o 


10° S - Equator 


Equator - 100N 


10° N - 20°N 


20°N - 30°N 


3.6 
2-7 
3 ok 
6.3 


- L40°N 4.3 2 2.5 


ee 
© 
ny 


50°N 3.90 = 2.0 
60°N 
70° N 


90°N 
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TABLE IV (CONT*D) 


B. Inferences from soil data 


Southern Average Spring 1956 - 2.8 me/mi* 
Southern Average Spring 1958 - 6.5 
Difference - 3.7 


Average Fallout Rate 


1.85 me/mi2/yr 


Mean Stratospheric Inventory 12 me/mi* 


Residence half time, @ - 6.5 years 
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RADIOACTIVITY PROFILE - 1957 
FISSION PRODUCTS 
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RADIOACTIVITY PROFILE - 1958 
FISSION PRODUCTS 


FEBRUARY 
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S98 CONTENTS OF SURFACE AIR 
(WRL DATA) 


EQUIVALENT FALLOUT RATES 
(At rate of 3.8 mc/mi?/yr/dpm/100 SCM or 3 day 
meen residence in lower 10,000 feet) 


me/mi 


COLUMBIA, $. C. 32° N 7.1 
MUANO LOA, HAWAII 19° 28’ N 6.2 
MIAMI, FLORIDA 25° 49° N 5.1 
MOOSONEE, ONTARIO 51° 16° N 4.3 
WASHINGTON, D. C. 38° 50’ N 5.8 
(Obs. Pittsburgh Fallout 

seme period 5.8 me/mi?/yr.) 

PEARL HARBOR 21° 22’ N 2.7 


COLUMBIA 


$e? (dpm/100 SCM) 


~ MUANO LOA 


5 MIAMI 
I 2) MOOSONEE 
) 

°c 

3 


3 WASHING TON 
THULE 
PEARL HARBOR 


° 

J 

i) 

CJ 
yw 
. 


PEARL 
HARBOR 


FIGURE 3 
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SURFACE AIR Sr?° 
SUMMER AND FALL 1957 AND SPRING 1958 
(WRL DATA) 


EQUIVALENT FALLOUT RATES 

(At rates of 3.8 me/mi?/yr/dpm/100 SCM or 3 dey 

mean residence in lower 10,000 feet) 
wc/mi? 

CHACALTAYA, BOLIVIA 17° 10° $ 1.8 
SANTIAGO, CHILE 33° 27's 
ANTOFAGASTA, CHILE 23° 37'S 
MIRAFLORES, C.Z. 9° 00’ N 
BOGOTA, COLUMBIA 4°37"N 
LIMA, PERU 12° 06° $ 
PUNTA ARENAS, CHILE 53° 15'S 
QUITO, ECUADOR 0° 08’ s 
SAN JUAN, P.R. 18° 26’ N 
SUBIC BAY, P.I. 14° 49° N 


© RIGHT SCALE 


$e?° (dpm/100 SCM) 


@ LEFT SCALE 


CHACALTAYA 


SANTIAGO 
ANTOFAGASTA 
MIRAFLORES 


Lima 


PUNTA AREAS 
Quito 


FIGURE 4 





5 
~ 
*& 
b 
3 
a 
e 
< 
ox 
- 
> 
° 
ao 
~ 
a2 
ee 


FALLOUT FROM NUCLEAR WEAPONS TESTS 


FALLOUT RATES FROM SURFACE 
AIR CONCENTRATIONS 
SEPT 1, 1957 TO MAR. 5, 1958 


(NRL DATA: LOWER TROPOSPHERIC 
TIME OF 1 WEEK: T= 6 YRS.) 


1.0 MT/YR. ve 0.9 MT/YR. EXPECTED 
RATE FROM TROPOSPHERIC FALLOUT 
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Sr®? in Worldwide Fallout 


Pure tropospheric = 130 for Sr89/Sr90 
Pure stratospheric = | to 10 for Sr ®9/Sr 9° 


(HASL Data) 
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Sr ®? in Pittsburgh Fallout 


Pure tropospheric = 130 for Sr ®9/sr 9° 
Pure stratospheric =| to 10 for Sr®9/Sr 9° 


(NSEC Data) 
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Ba'4? in Pittsburgh Fallout 


Pure tropospheric * 300 for Ba '*°/Sr% 
Pure stratospheric * O for Ba'*°/Sr %° 
(NSEC Data) 
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t+ Recent Rain Fallout 
Pittsburgh, Pa. and Westwood, N.J. 


also 
Sr89/Sr90 and Ba!49/Sr90 Ratios in Westwood 
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FOREIGN SOIL SAMPLES 
1956 


TOTAL OBSERVED: 8.05 MT 


TOTAL EXPECTED 
THEORETICALLY: JAN. 1, 1957 8.14 T= 10 
12.44 T= § 
JAN. 1, 1956 5.35 T= 10 
8.08 7T- 5 


NARROW BAND THEORY AVE. OF 
JAN. 1, 1956 AND JAN. 1, 1957 


(T= 10 YEARS) 


= SOUTH - " of NORTH 
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COMPARISON OF Cs'3” IN HUMANS 
WITH Cs'37 IN MILK 
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APPENDIX D 
COMMENTS ON GENERAL ADVISORY COMMITTEE REPORT 


ATOMIC ENERGY COMMISSION, 
Washington, D.C., May 5, 1959. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States. 


DEAR SENATOR ANDERSON: In my testimony before the Joint Committee on 
Atomic Energy on March 24, 1959, I stated I had requested Dr. Warren Johuson, 
Chairman of the Commission’s General Advisory Committee, to call a special 
meeting of the Committee for the purpose of reviewing the matter of radioac- 
tive fallout and advising me of any additional steps the Commission might take 
to further protect the public interest. 

I have now received the report of the General Advisory Committee and trans- 
mit a copy of it to you herewith. The report is being made public.’ 

Sincerely yours, 
JOHN A. MCCONE, 
Chairman. 
Enclosure: Report of GAC.’ 


CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIC ENERGY, 
May 18, 1959. 
Mr. JOHN A. MCCONE, 
Chairman, U.S. Atomic Energy Commission, 
Washington, D.C. 


Dear Mr. McCone: During the Special Subcommittee on Radiation’s hearings 
on fallout, I raised some questions with the Commission’s representative, Dr. 
Dunham, concerning the General Advisory Committee report on fallout which 
was released during the hearings. I regret that because of time difficulties I was 
not able to raise these questions with Dr. Libby for consideration by the seminar 
on implications of testing. 

As requested during my discussion, I would appreciate it if the GAC would be 
requested to provide a more thorough and comprehensive review of the fallout 
problem, with particular reference to the factors and problems identified by the 
subcommittee in advance as of special interest. Copies of the subcommittee’s 
outlines are attached for reference. 

Of particular interest to the committee would be a more detailed explanation 
and evaluation by the General Advisory Committee of the problem of fallout 
from possible future tests conducted at the same rate as those which have been 
held by all nations for the past 5 years, up to the time of the test moratorium 
last fall. In that connection, the GAC might desire to review Dr. Langham’s 
paper and testimony, and also the statement and testimony of the seminar and 
roundtable in the implications of testing. 

It would also be helpful if the General Advisory Committee would consider the 
problem of area “hotspots” and their relationship to average figures and determi- 
nation of permissible doses. The problem of short-lived isotopes also would ap 
pear to merit consideration. 

I believe the above information would be of assistance in helping clarify the 
present picture with regard to problems associated with possible resumption of 
testing and would provide the committee with a better understanding of the 


exact position which the General Advisory Committee has taken on these mat- 
ters. 


Sincerely yours, 
CLINTON P. ANDERSON, Chairman. 


1See p. 1376 of hearings for text of GAC report, rey with introductory letter to 
Chairman McCone from Warren Johnson, Chairman of the GAC. 
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ATomMic ENERGY COMMISSION, 
Washington, D.C., August 27, 1959. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States. 


Deak SENATOR ANDERSON: In your letter of May 18, 1959, you asked that the 
General Advisory Committee be requested to undertake a more thorough and 
comprehensive review of the fallout problem. Enclosed for your information 
are two letters, dated July 7 and July 30, 1959, respectively, from Dr. Warren 
Cc. Johnson, Chairman of the GAC, reporting on the suggestions made in your 
May 18 letter. 

With respect to items A and B in the report contained in Dr. Johnson’s letter 
(see p. 2263), the Commission has forwarded to the Committee additional data 
and the AEC staff comment on the “hotspots” on June 2 and again on July 24, 
1959. This additional material is being provided to the GAC. 

With respect to item C, we have reviewed the statement prepared by the panel 
of experts convened by the AEC at the request of Mr. Holifield’s Special Subcom- 
mittee on Radiation and believe the conclusions and predictions made by that 
highly qualified group to be sound. 

With respect to item D, the report indicated that detailed appraisal of the 
biological and genetical effects of short-lived isotopes should be made by the 
Advisory Committee for Biology and Medicine. This matter will be discussed 
with the Advisory Committee for Biology and Medicine at its next scheduled 
meeting on September 18 and 19. 

Sincerely yours, 
JoHN A. McCong, Chairman. 


GENERAL ADVISORY COMMITTEE TO THE 
U.S. Atomic ENERGY COMMISSION, 
Washington, D.C., July 7, 1959. 
Mr. JoHN A. McCone, 
Chairman, U.S. Atomic Energy Commission, 
Washington, D.C. 


Dear Mr. McCone: In my letter of May 21 addressed to you it was stated 
that an attempt would be made to prepare a reply to the questions raised by 
Senator Clinton P. Anderson in his letter of May 18, 1959. Senator Anderson 
also referred to “factors and problems identified by the subcommittee (JCAB) 
in advance as of special interest.” 

Some of the questions implied by Senator Anderson are readily answerable 
and demand only statements of fact and do not require additional discussion 
within the full membership of the General Advisory Committee. These state 
ments are as follows: 

(1) The GAC in preparing its statement of May 4 did not attempt to assess 
the biological and medical effects of radiation resulting from fallout and other 
sources. This was primarily because we felt that such assessment should prop- 
erly be made by biologists, radiologists, and geneticists. The May 4 statement 
merely summarizes the data on the amount of fallout and the extent of radiation 
from both fallout and natural sources without endeavoring to appraise the bio- 
logical and medical effects. 

(2) The GAC does not have among its membership anyone who is expert in 
the field of biology, medicine, or radiology. In the briefings presented to the 
Committee, advice in these fields was obtained from the following experts: 


Dr. Charles L. Dunham, Director, Division of Biology and Medicine, U.S. Atomic 
Energy Commission. 

Dr. Lauriston S. Taylor, Chairman of the National Committee on Radiation 
Protection and Management. 

Dr. Shields Warren, U.S. Representative to the United Nations Radiation Com- 
mittee and former Director of the Division of Biology and Medicine, U.S. 
Atomic Energy Commission. 

Dr. John C. Bugher, former Director of the Division of Biology and Medicine, 
U.S. Atomic Energy Commission; Vice Chairman of the Advisory Committee 
for Biology and Medicine, U.S. Atomic Energy Commission. 
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Dr. Simeon Cantril, Chairman of the Advisory Committee for Biology and Medi- 
cine, U.S. Atomic Energy Commission. 

Dr. Leroy E. Burney, Surgeon General, Public Health Service. 

Dr. Francis J. Weber and Mr. James G. Terrill, Chief and Assistant Chief, 
respectively, of the Division of Radiological Health, Public Health Service. 


(3) Other individuals who met with the Committee for discussion of the gen- 
eral problem were: 

















Dr. Lester Machta, Chief of the Special Projects Section, U.S. Weather Bureau, 

Hon. Arthur 8S. Flemming, Secretary of Health, Education, and Welfare. 

Adm. Edward N. Parker, Chief, Armed Forces Special Weapons Project, De 
partment of Defense. 

Dr. Frank Shelton, Technical Director of AFSWP, Department of Defense and 
other personnel from AFSWP. 




















(4) The GAC has followed closely for a number of years the problems pre 
sented by fallout. The Committee has been presented with reports and briefings 
periodically and it has taken a great interest in the problems. It should be em- 
phasized that the early recognition by the Commission of the possible future 
hazards attending fallout was very helpful to the Committee in developing a 
knowledgeable status. 

Accordingly, at the time the GAC received your request on March 23 to meet 
in special session for the purpose of reviewing (1) the problems presented by 
radioactive fallout, and (2) the activities of the Commission as well as those 
of reevaluating the earlier data. In accomplishing this assignment, the full 
the Committee was already quite knowledgeable and its task was then primarily 
one of assessing the new information that was rapidly becoming available and 
of re-evaluating the earlier data. In accomplishing this assignment, the full 
Committee, with the exception of one member, met in Washington on April 9-11. 
Further discussions were held on April 28 and they included three members 
of the Committee, the Director of the Division of Biology and Medicine, and the 
Chairman of the Advisory Committee on Biology and Medicine. During the 
period of April 11—-May 4, considerable time was spent by the members of the 
GAC in the preparation of a statement; following several successive drafts, the 
final statement was formulated on May 4 when the full Committee was again in 
session. We consider that we gave the matter the time and attention required 
by your terms of reference and much more than the 3 days referred to. 

(5) In the preparation of the statement, issued May 4, the Committee made no 
attempt to study the question of future fallout and its attendant effects in the 
event that testing should be continued at some assumed level. The Committee 
did not regard this particular problem to be within the terms of reference of 
its assignment, nor do we think anyone seriously proposes that testing should 
be continued at the same rate as for the 5 years immediately prior to the test 
moratorium. 

It is now evident that it will not be possible to call another special session of 
the GAC before its regular meeting at Hanford scheduled for July 20-22. How- 
ever, at the Hanford meeting I shall present to the full Committee the ques- 
tion of the desirability of expanding our statement of May 4 to include the 
following items: 

(a) The extent of nonuniformity of distribution of fallout resulting in “hot 
spots.” 

(b) The evaluation of new data and information on fallout acquired during 
the past 6 months. 

(ec) The evaluation of the problems created by fallout in the event testing 
were to be continued at the same rate as that of the 5 years immediately prior 
to the test moratorium of last fall. Here it is to be assumed that the rate 
of testing means the same amount of fissionable material injected into the 
atmosphere. 

(d) An evaluation of the effects of other radioactive isotopes in addition to 
strontium 90. 

Any statements that the committee may formulate at the Hanford meeting in 
July will be transmitted to you promptly. 

Sincerely, 



























































































































































WARREN C. JoHNSON, Chairman. 
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GENERAL ADVISORY COMMITTEE 
TO THE U.S. Atomic Enercy CoMMISSION, 
Washington, D.C., July 30, 1959. 
Mr. JouHn A. McCone, 
Chairman, U.S. Atomic Energy Commission, 
Washington, D.C. 


Dear Mr. McCone: In my letter to you of July 7, I summarized certain facts 
with regard to the General Advisory Committee’s consideration of the fallout 
problem and its report thereon. I also indicated that the committee, at its 
forthcoming meeting at Hanford, would consider the desirability of expanding 
its statement of May 4 to cover the following items raised by Senator Ander- 
son’s letter. 

(A) The extent of nonuniformity of distribution of fallout resulting in “hot- 
spots.” 

(B) The evaluation of new data and information on fallout acquired during 
the past 6 months. . 

(C) The evaluation of the problems created by fallout in the event testing 
were to be continued at the same rate as that of the 5 years immediately prior 
to the test moratorium of last fall. Here it is to be assumed that the rate of 
testing means the same amount of fissionable material injected into the atmos- 
phere. 

(D) An evaluation of the effects of other radioactive isotopes in addition to 
strontium 90. 

The committee did consider the four above-mentioned points at its Hanford 
meeting (July 20-22) and reports as follows: 

(A) The committee was well aware of the nonuniformity of fallout and 
commented on it, but did not think it appropriate to include a detailed discus- 
sion of this in its general survey and appraisal of the fallout problem. It rec- 
ognized that public authorities must be on the lookout for unusual local situa- 
tions, but does not regard as serious any of the local situations which have 
occurred to date. It must be recognized that the “permissible limits” which 
are set for foodstuffs, such as milk or flour, are based on the presumption of 
continued use for a long period and that exceeding these limits moderately for 
a short time need be no cause for alarm. 

(B) The new data and information on fallout for the past 6 months is now 
in process of compilation. As soon as it is available, we will review it with 
interest, especially since it took place during a period when, so far as we know, 
there was no weapons testing. If it changes any of our opinions or conclusions, 
we will advise you promptly. 

(C) As to the evaluation of the problems created by fallout in the event 
testing were to be continued at the same rate as that of the 5 years immedi- 
ately prior to the test moratorium, we see no useful purpose to be served by 
such a study, as no one is seriously proposing that testing be resumed at any- 
thing like that rate. We would also need to know at what locations the tests 
were to be made and what kind of tests. 

(D) As to an evaluation of the effects of other radioactive isotopes in addi- 
tion to strontium 90, we did not ignore the existence of such substances in draft- 
ing our report, but we feel that a detailed appraisal of the biological and 
genetic effects of the various other isotopes should be made by the Advisory 
Committee on Biology and Medicine. 

Very truly yours, 
WakrrEN C. JoHNSON, Chairman. 


CONGRESS OF THE UNITED STATEs, 
JOINT COMMITTEE ON ATOMIC ENERGY, 


September 14, 1959. 
Hon. Joun A. McCong, 

Chairman, Atomic Energy Commission, 
Washington, D.C. 


Deak Mr. McCone: This is with reference to your letter of August 27 enclosing 
GAC replies to my request of May 18. 

I regret that it took so long to obtain these replies, especially since the 
pending adjournment makes it difficult to point out the inadequacies of the GAC 
letters in detail. 
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I would particularly take exception to the GAC statement in its July 30 
letter as follows: 

“(C) As to the evaluation of the problems created by fallout in the event 
testing were to be continued at the same rate as that of the 5 years immediately 
prior to the test moratorium, we see no useful purpose to be served by such a 
study, as no one is seriously proposing that testing be resumed at anything like 
that rate. We would also need to know at what locations the tests were to be 
made and what kind of tests.” 

It would appear that the GAC is making policy judgments, rather than answer- 
ing technical questions which seem to me to be reasonable and appropriate, 
Certainly the Defense Department and the AEC seem to believe that additional 
testing may be necessary. France does also. The U.S.S.R. may also join in, 

In conclusion, I would like to reiterate the requests I made in my May 18 
letter, and especially invite the GAC to take into account the complete data 
eontained in our hearings. This would include the panel to which you refer 
and Dr. Langham’s paper. 

Sincerely yours, 
CLINTON P. ANDERSON, 


A COMMENTARY UPON THE May 4, 1959, REPORT OF THE GENERAL ADVISORY 
COMMITTEE * 


(By Ralph B. Lapp, July 7, 1959) 


When a group of eminent science advisers appointed by the President to give 
counsel to the Atomic Energy Commission issues a report on radiation hazards, 
their statement deserves careful appraisal. The GAC through its chairman, Dr. 
Warren C. Johnson, made its first public report available to the AEC late on May 
4, 1959, in response to a request from Mr. John A. McCone.* The next @ay, at 
a luncheon address before the National Press Club in Washington, D.C., the 
AEC Chairman stated that the GAC report “will give further reassurance to the 
people of the world about the very small hazard resulting from fallout.” * 

The GAC report has subsequently made public on May 7, 1959, during a session 
of the Holifield hearings on radioactive fallout. It received the greatest play in 
the press of any development during the investigation ; for example, the GAC re- 
port was reproduced in full text in the New York Times with a story lead: “AEC 
Study Belittles Fallout; Advisers Report Radiation Low.” 

Current membership of the General Advisory Committee consists of physical 
scientists * whereas the subject evaluated is the biological hazard of nuclear 
radiation. Their lack of authority in the biological and medical field should 
have impressed upon the committee members the necessity for substantiating 
their conclusions; yet their report bears no literature citations or other docu- 
mentation. Instead of presenting numerical or semiquantitative estimates of the 
radiation hazard, the committee members gave highly qualitative opinions. 

The heart of the GAC report centersin sections (5) and (6) in which the genetic 
and somatic effects of nuclear radiation are evaluated in two sentences. 

Section (5) states: 

“It is interesting to note that human beings have lived for many generations 
in parts of the world which have five times or more the background normal to 
the United States or more than 100 times the average amount of radiation from 
fallout in the United States.” 

This is, of course, interesting, but what does it prove? Although the GAC 
report does not identify the regions of interest, it is a fact that the advisory com- 
mittee consulted with Dr. Shields Warren and judging from the following quota- 
tion ° the reference implied is to the Kerala region in India: 

“Dr. Shields Warren pointed out in testimony that in India a large popula- 
tion has lived for many centuries in a monazite rock area where the background 





1 Prepared for publication in Bulletin of Atomic Scientists. 

2In a statement made public on Mar. 24, 1959, Mr. McCone revealed that he had called a 
special meeting of the GAC for Apr. 9-10 to review the significance of nuclear radiation 
hazards from weapons tests. 

* Quoted from AEC press release of Mr. McCone’s speech of May 5, 1959. 

*“American Men of Science” lists the eight committee members and consultant as fol- 
lows: Two physicists, two physical chemists, two chemists, one chemical engineer, one 
electrical engineer, and one petroleum engineer. 

5“Summary Analysis of Hearings May 27-29 and June 3-7, 1957, on the Nature of 


Radioactive Fallout and Its Effects on Man,” Joint Committee on Atomic Energy Print, p. 4, 
August 1957. 
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levels are 5 to 20 times the average natural background. According to testi- 
mony, while the effects have not been obvious enough to cause the population to 
abandon the region, one cannot say what the effects have been until careful 
studies are made.” 

To date no such studies on the biological effect of this abnormally high back- 
ground radiation have been made. Scientists associated with the United Nations 
are studying the problem and so far have gathered the physical data about the 
radioactivity in the Kerala region. The 1958 report of the United Nations 
Scientific Committee on the Effects of Atomic Radiation tabulates® radiation 
exposure data for 10 sites in the Kerala region applicable to a total population 
of 52,000 people. As pointed out by Dr. Karl Z. Morgan:* “There is always a 
probable error associated with a biological or physical measurement and at very 
low dose rates, i.e., background levels, it requires observations on an extremely 
large number of animals (or men) in order that the probable errors become less 
than the magnitude of the effects under observation or in this case to prove that 
there is any danger or in fact any detectable effect of exposure at the back- 
ground level.” 

It may be possible to demonstrate radiation effects in the Kerala population, 
but it will require careful investigation, patient accumulation of the statistical 
data and critical evaluation of the statistics. So far as the GAC statement is 
concerned, the important thing is that the appropriate studies have not been 
concluded—they are hardly begun—and it is most unscientific to pass judgment 
prior to the receipt of the data. 

Section (6) of the GAC report deals with the controversial problem of the 
somatic effects of strontium 90. It is quoted in full: 

“In regard to the internal effects of strontium 90 due to ingestion, the amount 
of strontium 90 which has been found in food and water is less of a hazard than 
the amount of radium normally present in public drinking water supply in 
certain places in the United States, and in public use for many decades.” 

The validity of this assertion presupposes that the radium hazard in public 
water sources has been evaluated and is known to be negligible from the view- 
point of a public health hazard used as a criterion for evaluating the global 
fallout problem. 

What are the facts supporting the GAC statement on strontium 90? There is 
a distressing lack of documentation or technical reference so that in order to 
probe into the generalized assertion, one has to formulate the following series 
of questions: 

(1) Where are the unnamed water supplies containing radium? 

(2) What is their radium content? 

(8) How large a population do these water sources serve? 

(4) To what exent does the affected population take up radium? 

(5) What statistically significant biomedical data have been found for this 
population ? 

The writer has attempted to supply answers to these questions by a literature 
search, by inquiry and by analysis. The following information has been 
developed : 

(1) U.S. water supplies containing unusual radium concentrations.—A num- 
ber of U.S. communities derive their water supply from deep wells known to 
contain above average amounts of radium.* The largest U.S. population affected 
concentrates in the Middle West, principally in Illinois, Iowa, and Wisconsin. 
_(2) Radium content of these water sources.—The concentration of radium in 
159 municipal water supplies in Illinois has been measured by H. F. Lucas, Jr., 
and F. H. Ileewiez* who find above normal amounts of radium in water drawn 
from deep sandstone wells; the concentrations ranging from 1 to 25 micro- 
microcuries per liter (yuc/l). In some communities the tapwater may exhibit 
lower concentrations due to filtration, iron removal, water softening or possibly by 
Selective uptake of radium in the distribution system. 


* Table XVII, p. 55 of United Nation Document 17 (A/3838), August 1958. 

' Maximum Permissible Exposure of the Population-at-Large to Sources of Ionizing 
Radiation. Statement given to the special Subcommittee on Radiation, Joint Committee 
Se ee ee 7, 1959. 

J. B. Hursh, “‘The Radium Content of Public W = 
publication UESST ciaaee c Water Supplies,” University of Rochester 


*“Natural Radium 22 Content of Illinois Water Supplies,” 
Works Association, vol. 50, p. 1528 (November 1958). ee ee ee nee 
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Handbook No. 69 of the National Bureau of Standards” lists the maximum 
permissible concentration (MPC) at Ra™ in water for occupational exposure as 
4X10-7 we/ee. This corresponds to a value of 40 wuc/l. We are concerned with 
a general population as contrasted to an occupational group and must therefore 
consider the “mpc” ™ for the former. The International Commission on Radio- 
logical Protection (ICRP) recommends that “for planning purposes” the mpe 
be taken as one-thirtieth the MPC. Using this reduction factor of 30, the radium 
226 mpe in water becomes 1.3 uyuc/1. 

(3) Illinois population using deep sandstone well water—The Argonne Na- 
tional Laboratory is conducting a survey of the population served by well water 
showing a high radium content. The following data” are representative as of 
May 13, 1959: 126,000 people use drinking water with radium content in the 3 to 
4 uuc/l range, 259,000 people have water supplies above the 4 ywuc/l mark and 
274,000 people are not classified as yet. 

(4) Bone retention of radium occurring in well water.—The experimental 
findings of A. F. Stehney and H. F. Lucas™ on radium uptake show that boys 
living in Lockport, Ill., where they are exposed to a concentration of 8 wye/1 in 
the public water supply exhibit a mean body burden of 370 uyc of radium. 
Chicago youths exposed to Lake Michigan water with a radium content of 0.08 
uue/1 have a tenfold lower body burden. Food in the Chicago area contributes a 
total of about 1.6 wue to the daily diet. Thus if one assumes a daily intake of 
2.5 liters of water, the Chicago youths receive more radium in food than in lake 
water, whereas the Lockport boys get much more radium from their water 
supply. Dr. L. D. Marinelli of the Argonne National Laboratory has summa- 
rized “ the skeletal burden of radium to be expected in adult populations drinking 
2.5 liters per day. 

(5) Bone tumor deaths in Illinois—We come now to the problem of corre 
lating exposure to unusual amounts of radium in the water supply with in- 
jurious effects in the exposed population. Dr. H. Auerbach of the Argonne Na- 
tional Laboratory is making a detailed analysis * of the average mortality from 
bone cancer in the State of Illinois for an 11-year period ending 1950. Data 
have been accumulated on 2,294 bone tumor deaths in 88 million man-years at 
risk, but it is understood that the analysis of these data does not yet permit 
positive correlation between increased incidence of bone cancer with geographic 
localities where the radium content of public drinking water is abnormally high. 
Something of the difficulty of the analysis may be appreciated by noting that 


the bone tumor death rate is highly age specific and may be as low as 0.32 per 
100,000 persons per year. 


* * * * * . * . 


In making a comparison between two radiation hazards—radium in drink- 
ing water and strontium 90 as a biospheric contaminant—it must be recognized 
that there are differences to be taken into account. For example, infants are 
not water drinkers in their early life. If we consider the cow as the dietary 
source, it is exposed to the pasture contamination of strontium 90 but not to 
radium from deep well water to the same degree. If we neglect such factors, we 
may compare the skeletal radiation dosages that the Lockport boys may ex- 
pect from fallout and from radium taken up from water. Let us assume that a 
Lockport boy has a body burden of 400 ssc at age 20 and maintains this level 
throughout an additional 50 years of life”® Their radiation dose™ will be of 


*~“Maximum Permissible Body Burdens and Maximum Permissible Concentrations of 
Radionuclides in Air and in Water for Occupational,” recommendations of the National 
Committee on Radiation Protection issued June 5, 1959. 

The writer follows the custom of using MPC to denote the occupational level and the 
lower case mpc to designate the level for a eral population. 

2 The writer is indebted to Dr. Charles Dunham of the AEC for this information. 

13“Studies on the Radium Content of Humans Arising From the Natural Radium of 
Their Environment” in the proceedings of the International Conference on the Peaceful 
Uses of Atomic Energy, vol. 11, p. 49 (1956). 

“Radioactivity and the Human Skeleton,” Amer. J. Roentgen and Radium Therapy. 
vol. LXXX, p. 732 (November 1958). 

% Reported in “Geographic Studies in Bone Tumors,” by H. Auerbach in the Julyt 
December 1957 semiannual — of the Division of Biology and Medicine of the Argonne 
National Laboratory, report ANL-—5841. 

* This is not inconsistent with data on the uptake of radium in adult prisoners admitted 
to the Stateville Penitentiary (Joliet, Ill.), where the local water supply assays 3.4 /1. 

17 Data are derived from table 1 of Dr. W. B. Looney’s article, “Effects of Radium in 
Man,” Science, vol. 127, p. 631 (1958). Data given in reference (12) indicates a slow 
buildup of radium in adults; this is assumed to add 0.4 rad to the 50-year does. 
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the order of 1 rad. If one uses the equivalence that 100 yuc=12 mrad/yr, 
the dose is 2.5 r. There is an uncertainty about the RBE value to apply to 
radium as well as a nonuniformity of radium deposition within the bone. 

A body burden of 10 strontium units will produce a 70-year dose of about 2 
rads. This is close to the average to be expected in northern United States 
by 1965. A log-normal distribution of strontium 90 in bone will result in a 
significant fraction of the young population accumulating 4 times this average or 
40 S.U. corresponding to a lifetime radiation dose of 8 rads. This is roughly 
the radiation dose to which human bone is exposed over a lifetime of irradiation 
by the natural background. 

If one accepts the information presented above—and since it is both quanti- 
tive and documented, it is subject to acceptance or rejection—it would appear 
that the statement on radiation hazards by the General Advisory Committee 
to the Atomic Energy Commission is misleading. And unless the GAC presents 
a technical justification for its statement, one is forced to conclude that this 
highly placed scientific body has either acted hastily or has received inadequate 
advice on the problem. 

It is actually rather odd that the General Advisory Committee should have 
been consulted for its views on the biological hazard at this time. Throughout 
the peak of public interest in fallout during the past 5 years, the GAC made no 
public comment. However, the AEC’s Advisory Committee for Biology and 
Medicine has twice reported “ on the subject. 

The public and the scientific community is due some explanation for the 
behavior of the General Advisory Committee in this instance and it is to be 
hoped that some further elucidation on this score will be forthcoming from 
the Atomic Energy Commission. 


38 The first report, “Genetic Considerations of Atomic Weapons Tests,” dated May 12, 
1955, was released on June 3, 1955, and the second report “Statement on Radioactive 
Fallout Submitted to the Commission” was dated Oct. 19, 1957. 
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Maximum PermissisteE LEveELs 


(Extract from article by R. Bjérnerstedt and A. Engstrém in Science, Feb. 6, 1950 4) 
MAXIMUM PERMISSIBLE Bopy BURDEN OF STRONTIUM 90 


Abstract.—The permissible body burden of Sr” is discussed with respect to 
the mode of intake. It appears that the maximum permissible load may de 
pend on the type of exposure, acute or chronic, the acute being the more serious. 

The purpose of studying the distribution and metabolism of bone-seeking iso- 
topes is to make it possible to derive the dose rates (local and average) to dif- 
ferent parts of the skeletal tissue. In this way it may be possible in the end 
to establish values for the maximum permissible body burdens of various bone- 
seeking isotopes. This procedure includes a comparison of the derived dose 
rates with those judged to be necessary and sufficient for the production of 
various biological effects, such as malignant blood and bone changes. This 
seems at present to be a possible means of hazard evaluation when lack of data 
makes direct comparisons difficult between the body burdens of different iso- 
topes and the resulting biological effects. 

The foregoing argument is general in that it applies to most bone-seeking 
isotopes. A general treatment of the principles for dose-rate calculations for 
such isotopes has recently beeen given (1). Specific isotopes have, furthermore, 
been treated in several works. In the following discussion (2) Sr” will be 
chosen to illustrate the method proposed for estimating maximum permissible 
body burdens. 

It has been calculated (1) that the skeletal tissues receive a dose rate of 2.6 
rem per year (or 7.25 mrem per day) on the average, from a total body burden 
of 1 ue of homogeneously distributed Sr”. This assumes a homogeneous disper- 
sion of the Sr” in the 7,000 g. of skeletal tissue (the standard man). A body 
burden of 1 uc of Sr” is equivalent to 1,000 S.U. (sunshine units, or gue of Sr® 
per gram of Ca). 

It is obvious from several investigations that the assumption of a homo- 
geneous Sr” distribution is unrealistic, since Sr” occurs both as a general dif- 
fuse labeling and in localized sites (reactive bone) of microscopic and macro- 
scopic dimensions. If the dose rates are calculated in relation to the isotopic 
content of the reactive bone sites, where a great deal of Sr” is found, more 
realistic data may be attained. It is therefore necessary to consider the 
geometrical distribution of these reactive sites. 

The geometrical configuration may be accounted for by two extreme cases, 
the cylindrical geometry of the Haversian systems and the more irregular ap- 
pearance of the labeling in spongious bone. Estimates show that spongious 
bone is often the more important tissue when high dose rates are considered. 
However, it is an impossible task to make exact dose calculations for the 
spongious bone. A simplified geometry has to be assumed, and this has been 
done in a recent monograph (1) in which a system of plane parallel slabs of 
reactive bone interspersed with regions of bone marrow is considered. It is 
found that a homogeneous contamination of the reactive bone slabs with 1 


1 Instructions for preparing reports: Begin the report with an abstract of from 45 to 
55 words. The abstract should not repeat phrases employed in the title. It should work 
with the title to give the reader a summary of the results presented in the report proper. 
(Since this requirement has only recently gone into effect, not all reports that are now being 
published as yet observe it.) 

Type mansucripts double spaced and submit one ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 1,200 words. This space includes that 
occupied by illustrative material as well as by the references and notes. 

Limit illustrative material to one 2-column figure (that is, a figure whose width equals 
two columns of text) or to one 2-column table or to two 1-column illustrations, which may 
consist of two figures or two tables or one of each. 

For further details see “Suggestions to Contributors” (Science, vol. 125, p. 16 (1957)). 
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myc of Sr” per gram of bone may give maximum dose rates of 25 to 35 mrem 
per day to bone and bone-marrow cells, with corresponding average values of 
15 to 20 and 12 to 16 mrem per day. It is now important to remember that the 
reactive bone constitutes a certain fraction of the 7,000 g. of bone tissue that 
the standard man is supposed to contain. This fraction varies with the state 
of growth and remodeling of the bone tissue. It thus differs for children and 
adults as Well as for different bones and parts thereof within the same skeleton. 
It appears legitimate to assume a fraction of around 0.20 to 0.25 to be a rep- 
resentative average figure. Thus, 1,400 to 1,750 g. of the skeleton is considered 
to be reactive. In adults it can be estimated that approximately half of the 
reactive bone is found as spongious bone where the major part of the blood- 
forming bone marrow is situated. 

If the maximum permissible value of 1 uc of Sr” is considered, the following 
dose rates are obtained: 7,000 g. of bone will receive more than 1.8 mrem per 
day and, on the average, 5.5 mrem per day; 700 to 900 g. of spongious bone 
will, on the average, receive 10 mrem per day—in some parts, 21 mrem per day; 
1,500 g. of red bone marrow will receive more than 1.8 mrem per day and, on 
the average, 7.5 mrem per day; 1,100 g. of red bone marrow will receive an 
average of 9 mrem per day—in some parts, 21 mrem per day. 

The maximum-dose-rate values given above are based on one assumption 
which is obviously not fulfilled; namely, that of homogeneous labeling of the 
different reactive sites or “hot spots” in relation to each other. However, vari- 
ations in the Sr” concentrations are to be considered rather the rule than an 
exception. Regions of the same dimensions as the average range of Y” beta 
particles (~ 2 mm.), and containing a large number of hot spots, may differ 
from the average in Sr” concentration by a factor of 5 to 10. This implies a 
corresponding increase in the maximum dose rates to some parts of the bone 
tissue. 

It should finally be pointed out that the simplified geometry used to depict the 
spongious bone may lead to dose-rate values that are too low in comparison 
with those for biological material. It is easy to conceive of geometrical arrange- 
ments (for example, bone lamellae meeting in a corner or inhomogeneous activ- 
ity distribution within hot spots) which will give locally a twofold to three 
fold increase in the maximal dose rate. A body burden of 1 ue of Sr” acquired 
in one exposure may thus give dosage rates on the microscopic level as high as 
300 to 500 mrem per day to certain parts of the reactive bone tissue and the 
bone marrow. 

It seems advisable to correlate the permissible body burden with the maxi- 
mum local dose rates rather than with the average whole-body values. The 
production of bone and blood malignancies is probably dependent on the local 
microscopic conditions; that is, on the l cal dose rates. Thus, when we com- 
pare the dose rate of 300 to 500 mrem pe: day from 1 uc of Sr” with the dose 
of 1,000 rem, which is considered after a relatively long period to be significant 
in the production of biological damage to bone tissue, it is apparent that this 
dose (1,000 rem) may be attained within 10 years. This suggests a revision of 
the value for the maximum permissible body burden of Sr” to 0.1 ue instead 
of the currently accepted value of 1 uc, which was derived from comparison 
with radium data. 

The foregoing argument is concerned with acute or short-time poisoning with 
Sr”. If Sr® is taken into the body over a considerable period, the situation is 
different, as the pattern of isotopic localization becomes different. Such 
“chronic poisoning” conditions prevail today for children. born in recent years, 
as essentially all calcium available in the biosphere is, and will be, contaminated 
with Sr” from weapon tests. 

if in the first instance considered above, a uniform contamination is assumed ; 
7,000 g. of bone will receive an average dose of 7.25 mrem per day. This dose 
rate is maximal to red bone marrow which on the average receives 1.5 mrem 
per day. The degree of mineralization varies, however, and it is found, on 
comparing regions of the same dimensions as the average beta range (~ 2 mm.), 
that there may be calcium concentrations which differ from the average by a 
factor of 2 to 3. This implies that certain parts of the bone and bone marrow 
may receive doses of around 15 mrem per day. 

It is apparent, however, that a constant intake of Sr” will not give a non- 
uniform contamination of the skeleton in the sense described above. The mech- 
anism of remodeling and exchange gives rise to a biological half life for Sr” 
in the skeleton, and the radioactive decay has some influence, as well, on the 
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equilibrium state. If we assume an effective half life of 2,700 days (7.4 years), 
the Sr” concentration may be expected to vary from the average by a factor 
of about 2 for a 15-year period and by successively larger factors for longer 
periods. To some extent this fact is accounted for by the differences in mineral- 
ization. Therefore, in the case of chronic poisoning with Sr”, a higher figure 
than 0.1 uc is tolerable as total body burden; tentatively, the 1 ye level may be 
considered to be tolerable. 

Today the Sr” contamination of the geosphere and the biosphere is steadily 
increasing. This corresponds to a situation with aspects that lie somewhere 
between those of acute and chronic Sr” poisoning. Children in the 0- to 5-year 
age group are examples of individuals with chronic poisoning conditions. 
Adults above 20 years of age are more likely to be examples of acute poisoning. 

It should finally be pointed out that the conditions described here in relation 
to Sr® have their counterpart for other isotopes. For instance, it seems that 
the evaluation of the hazards from radium poisoning should take into account 
the difference between acute and chronic poisoning. This is the more advisable 
since the short range of Ra alpha particles will cause greater differences in the 
local dose rates than is the case with Sr”. 

R. BsJORNERSTEDT, 
Research Institute of National Defense, Stockholm, Sweden. 
A. Enestrom, 
Department of Medical Physics, Karolingka Institutet, Stockholm, Sweden. 


NOTES 


(1) An extensive bibliography is to be found in A. Engstrém et al., “Bone and 
Radiostrontium” ( Almqvist and Wikell, Stockholm, 1958). 

(2) This article is pt. 3 of a series on health hazards from fission products 
and fallout; for pt. 1. see K. Low and R. Bjérnerstedt, Arkiv Fysik, vol. 13, 
p. 85 (1957) ; pt. 2, by R. Bjérnerstedt, is in preparation. 


STATEMENT CONCERNING FALLOUT 


By Charles C. Price, Blanchard professor of chemistry and chairman of the 
Chemistry Department, University of Pennsylvania, Philadelphia, Pa. 


There are three points concerning the hazards of radioactive fallout from 
nuclear explosions which, it seems to me, deserve to be given more serious public 
attention. All three relate to the impression the public receives concerning 
the concept of “maximum permissible concentration” of radioactive materials. 

First, let us consider the debate about the so-called threshold dose, below 
which it is alleged there will be no effect from added burden of radioactive 
contamination. It is commonly agreed that there is indeed no “harmless” dose 
of radiation, that any exposure will produce some chance of harmful effect. 
Furthermore, even if there were a “threshold” dose, it is further generally 
agreed that the natural background radiation to which we are all continually 
exposed is sufficient to be responsible for an appreciable incidence of leukemia, 
cancer, and mutations. The fallout from bomb testing, even though only a small 
fraction of natural background radiation, can thus only add to the damage 
already caused by natural radiation. 

In view of the acknowledged damage from natural background radiation. 
I therefore conclude that the argument about whether there may indeed be a 
“threshold” for some radiation eects is largely academic, since none of us can 
live in the absence of damaging natural radiation levels. 

A second related point is the impression created that radioactive contamina- 
tion below the “maximum permissible concentration” is indeed harmless. It is 
in fact agreed even by AEC scientists that this is not true. If the “maximum 
permissible concentration” does indeed involve a hazard of some.degree, par- 
ticularly as applied to exposure of the general population, it becomes extremely 
important to state the basis on which the judgment of “permissible” is reached. 
Do the AEC scientists believe 100,000 additional cases of leukemia a year are 
permissible? Or is it only 10,000 cases per year? How many additional de 
formed children per year do they consider permissible? I do not mean to imply 
we should set the “permissible” figure at zero. We do indeed accept certain 
hazards with modern civilization as, for instance, the 40,000 Americans who 
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die in automobile accidents each year. It is not clear and obvious to the 
general public, nor even to scientists, which deformed children or which 
leukemia cases were the result of bomb testing rather than natural or other 
causes. It is therefore extremely important that the public be informed of and 
be willing to accept the degree of hazard which the AEC calis “permissible.” 
This brings me to the third point, which is that it seems extremely dangerous 
and undesirable to have the definition of what is “permissible” so completely 
lodged with the AEC. It has been demonstrated in many serious instances that 
this agency is indeed capable of suppressing important information detrimental 
to its interests and of distorting news so as to mislead the public. I therefore 
conclude that it would be extremely desirable to bring the U.S. Public Health 
Service into the role of establishing “permissible” radiation doses and of moni- 
toring radiation hazards to a far greater extent than in the past. 


DEPARTMENT OF COMMERCE, 
NATIONAL BUREAU OF STANDARDS, 
Washington, D.C., April 30, 1959. 
Congressman CHET HOLIFIELD, 
Joint Atomic Energy Committee, 
House of Representatives, Washington, D.C. 


DEAR CONGRESSMAN HOLIFIELD: As you are no doubt aware, some of the 
newspapers within the past week have carried some very confusing and con- 
flicting stories with regard to the recently announced recommendations of the 
National Committee on Radiation Protection and Measurements relative to the 
MPD and MPC for internal emitters. One newspaper, in particular, reported a 
“split” between the International Commission on Radiological Protection and 
the NCRP. This statement is completely without justification and could do con- 


' siderable harm to the ICRP and NCRP, as well as to the field, in general. 


A large number of telephone calls have been received relative to this matter 
and in most instances it would appear that the situation has been explained sat- 
isfactorily. 

This question could well arise during the course of the fallout hearings next 
week and because the problem has become so confused and in any event is diffi- 
cult to understand, I thought that it would be worthwhile to prepare a more 
detailed explanation of the current situation and why it may appear to some 
—,» that there is, in fact, basic disagreement between the ICRP and 
NCRP. 

I hope that the attached material will clarify this situation. I also hope that 
the material will be of some use to the Committee in examining this question 
further. I am really concerned over the fact that some individuals (I am not 
referring to your committee or its staff) appear to want to discredit the work 
of the two protection bodies. I think that I can say without fear of contradiction 
that considerations of the protection bodies are as sound as it is possible for them 
to be in the light of the existing information. 

It is believed that, for the most part, many of the recommendations are in the 
conservative direction. Further I feel that it is most unfortunate if these bodies 
become undully pressured by public opinion to make hasty recommendations 
when, in fact, the situation does not demand it. 

Also there has been some misunderstanding with regard to the specific recom- 
mendations of the ICRP and NCRP relative to the body burden and MPC for 
strontium 90. This has been construed by many people as a recommendation that 
the body be allowed twice the dose of strontium formerly recommended. This is 
strictly not the case. The permissible body burden of strontium is based on a 
given dose to the bone in relation to that given by radium. This basic dose figure 
has not been raised or lowered since the 1953 recommendations. However, on the 
basis of information available in 1953 it was thought that 1 microcurie of stron- 
tium 90 would be the maximum body burden. More recent information has shown 


that the basic bone level would not be exceeded if the body burden were to reach 


2 microcuries. 

In 1953 a value for the MPC (water) for the population in the neighborhood 
of radiation installations was given as 80 uuc per liter for strontium 90. The 
corresponding figure for 1959 would be 100 gue per liter. The value of 80 suc has 
been used in connection with the milk evaluation program. In spite of the fact 
that the new value is slightly higher, personally I would see no reason why the 






















2272 FALLOUT FROM NUCLEAR WEAPONS TESTS 






older and slightly more conservative figure should not be used. As a matter 
of fact, the difference between SO and 100 is smaller than the basic uncertainties 
in the first place. From the point of view of absolute accuracy the value of 100 
would be easier to use and would certainly be satisfactory. On the other hand, 
the continued use of the apparently lowered figure may serve to stir up less 
apprehension of an already apprehensive public. 
Sincerely yours, 
LAURISTON 8S. TAYLOR, 

Chairman, National Committee on Radiation Protection and Measurements. 


PrOcEsS USED IN THE DEVELOPMENT OF RADIATION PROTECTION STANDARDS 


Lauriston S. Taylor, Chairman, National Committee on Radiation Protection 
and Measurements 


A press story has reported that there are basic disagreements between the 
recommendations of the National Committee on Radiation Protection and Meas- 
urements and the International Commission on Radiological Protection. These 
reports are erroneous. The difficulty may arise in part because of the com- 
plexity of the problem and the difficulty of explaining it in terms understandable 
to the general public. A second difficulty may arise because the reports of the 
two bodies are, by the normal course of procedures, usually out of phase. A 
third difficulty may arise from an attempt to sensationalize something that is 
basically not sensational. 

Until about 1956 the recommendations of both the NCRP and the ICRP dealt 
only with problems of occupational exposure and exposure to persons outside of 
radiation installations resulting from operations within the installations. In 
1952 the ICRP gave its first consideration to problems of genetic dose and whole 
population exposure. No formal report was issued. 

In 1954 the NCRP issued H259, “Permissible Dose From External Sources of 
Ionizing Radiations,” and discussed both of these problems in general terms 
(sec. 3.9, 5.1.d, and 6.4). 

In April 1956, the ICRP dealt with the problem in slightly more specific terms 
and made the following statement: 

“When genetic aspects of the effects of radiation are considered, the dose re- 
ceived by the whole population is of importance. Scientific data derived from 
human as distinct from experimental animal populations are so scanty that no 
precise permissible dose for a population can, at present, be set. The available 
information is being assessed by the Commission and other groups including 
geneticists. Until general agreement is reached, it is prudent to limit the dose 
of radiation received by gametes from all sources additional to the natural 
background to an amount of the order of the natura] background in presently 
inhabited regions of the earth.” 

At the same time it dealt with the occupational genetic dose problem (for in- 
ternal emitters) as follows: 

“It was proposed that the maximum permissible weekly dose for occupational 
exposure continue to be 0.3 rem for all organs of the body with the exception 
of the gonads and the total body. In cases in which the gonads are the critical 
body organs, the maximum permissible weekly dose was reduced to 0.1 rem in 
order to limit the gonad dose to not more than 50 rem before the age of 30. 
This reduction was made with the intention of preventing damage to man dur- 
ing his most reproductive period. In the cases where the total body is the criti- 
cal organ the maximum permissible weekly dose was again set at 0.1 rem. This 
reduction will limit the accumulated dose in the total body up to the age of 60 
to not more than 200 rem and is intended to reduce the probability of damage 
resulting from total body exposure, e.g., reduce the probability of leukemia and 
reduce the possibility of shortening the life span of the individual.” 

Both of these statements required substantial “sharpening” to be of any use 
in practical situations. This was done by the NCRP in its statements of Janu- 
ary 7, 1957, and April 15, 1958. Their basic recommendations were as follows: 


“EXTERNAL EXPOSURE TO CRITICAL ORGANS 


“Whole body, head and trunk, active blood-forming organs, or gonads: 
“The maximum permissible dose (MPD), to the most critical organs, accumu- 
lated at any age, shall not exceed 5 rems multiplied by the number of years 
beyond age 18, and the dose in any 13 consecutive weeks shall not exceed 3 rems.” 
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“INTERNAL EXPOSURES 
















“The maximum permissible average concentrations of radionuclides in air 
and water are determined from biological data whenever such data are avail- 
able, or are calculated on the basis of an averaged annual dose of 15 rems 
for most individual organs of the body, 30 rems when the critical organ is the 
thyroid or skin, and 5 rems when the gonads or the whole body is the critical 
organ. For bone seekers the maximum permissible limit is based on the distribu- 
tion of the deposit, the RBE, and a comparison of the energy release in the bone 
with the energy release delivered by a maximum permissible body burden of 
0.1-Ra*™ plus daughters.” 


“MPD RECOMMENDATIONS FOR THE WHOLE POPULATION 










































“The maximum permissible dose to the gonads for the population of the United 
States as a whole from all sources of radiation, including medical and other 
manmade sources, and background, shall not exceed 14 million man-rems per 
million of population over the period from conception up to age 30, and one- 
third that amount in each decade thereafter. Averaging should be done for the 
population group in which cross-breeding may be expected.” 

This would break down as follows: 


1It is this latter component above that is considered in the 1958 ICRP report. 


While stated more specifically and in different terminology, these NRCP 
(1957) recommendations are in full accord with those of the ICRP (1956). In 
March 1958, the ICRP met for the purpose of sharpening its general statements 
adopted in 1956. For occupational exposure they adopted the age prorated 
dose principle as recommended by the NCRP in January 1957. The value of 
body burden, and the MPC’s for internal emitters were developed in cooperation 
with the NCRP so that the recommendations by both bodies are identical in 
this respect. 

In addition the ICRP decided to spell out in more detail the means by which 
the population genetic dose principle enunciated by the ICRP in 1956 and 
the NCRP in 1957 might be applied in long-range planning. They added a 
tentative limitation for the average somatic dose to the population in accord 
with their own (1956) and NCRP (1954) principles stated earlier in general 
terms: 

“No specific recommendations are made at this time as to the maximum per- 
missible ‘som tically’ relevant dose to the population. However, it is expected 
that the maximum permissible limits of the individual total doses recommended 
in parargaphs 46-57 will keep the average dose in any tissue at such a level 
that the injuries that could possibly occur in a population would be well within 
acceptable limits.” 

The principles of the new recommendations were adopted in September 1958. 

In November 1958 the NCRP set up a special ad hoc subcommittee to consider 
the ICRP population dose recommendations. This subcommittee has not re- 
ported out its final findings which must then be studied and approved by the 
whole committee before release. This takes time. and the com: ittes fee's that 
is more important to be right than to be quick, particularly when the urgency 
S$ not real. 

The 1958 ICRP report gave an illustration of one means for controlling the 
“genetic dose” (5 million man-rems per million of population up to age 30, or 
an average per capita dose of 5 rems) for long-range planning purposes. The 
example states that when large population groups are exposed to radiation 
where the hazard is of genetic nature, the MPD should be 1/100 of that for 
radiation workers; where the hazard is somatic, the MPD should be 1/30 that 
for radiation workers. The application of these figures depends upon the frac- 
tion of population exposed in accordance with the statement : 

“Proper planning for nuclear power programs and other peaceful uses of 
atomic energy on a large scale requires a limitation of the exposure of whole 
populations, partly by limiting the individual doses and partly by limiting the 
humber of persons exposed.” 
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The report states further: 

“Furthermore, it must be realized that the factors influencing the balancing 
of risks and benefits will vary from country to country and that the final 
decision rests with each country.” 

It is partly because of this last statement that the NCRP decided to examine 
the tentative ICRP recommendations on population dose given above. Initial 
conclusions of the ad hoe committee, if stated quantitatively, would lead to essen- 
tially the same MPD values for the population as recommended by the ICRP, even 
though the approach might be slightly different. The fact that the NCRP 
decided to study the tentative ICRP recommendations before adopting them 
should in no sense be construed as disagreeing with them. This is normal 
operating procedure. 

On April 23 the NCRP made a press release announcing the completion of the 
revision of its 1953 report. This advance release, unusual for the NCRP, was 
made to put an end to press rumors regarding the new recommendations that 
were causing confusion and uncertainty as to our radiation health situation. 

The basic ICRP report had been published a month earlier in England. The 
ICRP report on internal emitters will be published about the same time as the 
corresponding NCRP report (June). 

However, the NCRP has not yet completed its consideration of the population 
dose problem and hence that portion of the ICRP report will not be released 
by the NCRP with its internal dose report in June. It is for this reason the 
April 23 press release stated: “The ICRP has made some tentative recommen- 
dations relative to whole population exposure. These are designed for long- 
range planning purposes and in this connection the NCRP considers them to be 
sound. They are not, however, subject to direct control in the immediate future. 
In the meantime, the NCRP considers that undue risks to the population will 
not be incurred by following current policies for a while longer, during which 
time it is hoped that methods may be established for a meaningful analysis and 
control of population exposure.” 

This statement was made because it was known that the basic ICRP report 
has been published; it was intended to indicate that the NCRP did not disagree 
with the ICRP report. The statement of the press release may have been 
unfortunate in that it led at least one reporter to imagine that there was a 
disagreement between the two bodies. However, the situation was explained in 
more detail to anyone who inquired about it. There is, in fact, no disagreement. 
Had the NCRP been allowed to proceed in its normal course of study and action 
without publicity, the current confusion would not have arisen. The NCRP 
and ICRP have always been slightly out of phase in the development of their 
philosophy and recommendations—this is a normal part of the orderly process 
of such developments. 


Extracts from “Recommendations of International Commission on Radiological 
Protection” (adopted Sept. 9. 1958) 


B. Basic CONCEPTS 
OBJECTIVES OF RADIATION PROTECTION 


(23) Exposure to ionizing radiation can result in injuries that manifest them- 
impaired fertility, cataracts, and shortening of life. Genetic injuries manifest 
and genetic injuries respectively. 

(24) Late somatic injuries include leukemia and other malignant diseases, 
impaired fertility, cataracts and shortening of life. Genetic injuries manifest 
themselves in the offspring of irradiated individuals, and may not be apparent 
for many generations. Their detrimental effect can spread throughout a popu- 
lation by mating of exposed individuals with other members of the population. 

(25) The objectives of radiation protection are to prevent or minimize soma- 
tic injuries and to minimize the deterioration of the genetic constitution of the 
population. 


CRITICAL ORGANS AND TISSUES 


(26) The organs and tissues of the body exhibit varying degrees of radio- 
sensitivity, and it is therefore necessary, for purposes of protection, to consider 
their radiosensitivity with respect to specific functions as well as the doses they 
receive. When this is done, some organs and tissues assume a greater importance 
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according to the circumstances under which they are irradiated. They are then 
said to be critical. 

(27) In the case of more or less uniform irradiation of the whole body, the 
critical tissues are those tissues of the body that are most radiosensitive with 
respect to the ability of carrying out functions essential to the body as a whole. 
In this report these are taken to be the blood-forming organs, the gonads, and the 
lenses of the eyes. In previous reports the skin was listed as a critical organ in 
the case of whole body exposure. The presentation of the recommendations in 
the present report is simplified by not designating the skin as a critical organ. 

(28) In the case of irradiation more or less limited to portions of the body, the 
critical tissue is that tissue most likely to be permanently damaged either be- 
cause of its inherent radiosensitivity, or because of a combination of radio- 
sensitivity and localized high dose. 


PERMISSIBLE DOSE 


(29) Any departure from the environmental conditions in which man has 
evolved may entail a risk of deleterious effects. It is therefore assumed that long 
continued exposure to ionizing radiation additional to that due to natural radia- 
tion involves some risk. However, man cannot entirely dispense with the use 
of ionizing radiations, and therefore the problem in practice is to limit the radia- 
tion does to that which involves a risk that is not unacceptable to the individual 
and to the population at large. This is called a permissible dose. 

(380) The permissible dose for an individual is that dose, accumulated over a 
long period of time or resulting from a single exposure, which, in the light of 
present knowledge, carries a negligible probability of severe somatic or genetic 
injuries; furthermore, it is such a dose that any effects that ensue more fre- 
quently are limited to those of a minor nature that would not be considered un- 
acceptable by the exposed individual and by competent medical authorities. 

(31) Any severe somatic injuries (e.g., leukemia) that might result from ex- 
posure of individuals to the permissible dose would be limited to an exceedingly 
small fraction of the exposed group; effects such as shortening of lifespan, which 
might be expected to occur more frequently, would be very slight and would 
likely be hidden by normal biological variations. The permissible doses can 
therefore e expected to produce effects that could be detectable only by statistical 
methods applied to large groups. 

(32) The permissible dose to the gonads for the whole population is limited 
primarily by considerations with respect to genetic effects (see pars. 58-65). 


CATEGORIES OF EXPOSURE 


(33) These recommendations are designed to limit not only somatic but 
also genetic effects; it is therefore necessary to reduce as much as possible the 
dose to the population as a whole, as well as to the individual. In general, 
doses resulting from all sources of ionizing radiation should be considered in 
the appraisal of possible biological damage. However, practical considerations 
make it necessary to consider separately the doses resulting from two categories 
of exposure, namely: 

(a) Exposure to natural background radiation. 

(b) Bxposure resulting from medical procedures. 

(34) Natural background radiation varies considerably from locality to lo 
cality and the doses it contributes to the various organs are not well known. 
If maximum permissible limits recommended by the Commission included back- 
ground radiation, the allowable contribution from manmade sources—which 
are the only ones that can be controlled—would be uncertain and would have to 
be different for different localities. Accordingly, doses resulting from natural 
background radiation are excluded from all maximum permissible doses recom- 
mended in this report. 

(35) In medical procedures, exposure of the patient to primary radiation is 
generally limited to parts of the body, but the whole body is exposed to some 
extent.to stray radiation. The contributions to the doses in various organs 
and the part played in the overall effects on the individual are practically im- 
possible to evaluate at the present time. The Commission recognizes especially 
the importance of the gonad doses resulting from medical exposure and the 
attendant genetic hazard to the population. Accordingly, it recommends that 
the medical profession exercise great care in the use of ionizing radiation in 
order that the gonad dose received by individuals before the end of their repro- 
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ductive periods be kept at the minimum value consistent with medical require 
ments. However, individual doses resulting from medical exposure are ex- 
cluded from all maximum permissible doses recommended in this report. 

(36) The recommendations cover the following categories of exposure. In 
principle both the exposure of individuals and averages over the whole 
lation have to be considered, but recommendations with regard to individual 
exposure are given only for the groups A and B. 

A. Occupational exposure. 

B. Exposure of special groups: 

(a) Adults who work in the vicinity of controlled areas (see pars. 71 and 
72), but who are not themselves employed on work causing exposure to radi- 
ation. 

(b) Adults who enter controlled areas occasionally in the course of their 
duties, but are not regarded as radiation workers. 

(c) Members of the public living in the neighborhood of controlled areas. 

C. Exposure of the population at large. 

D. Medical exposure. 


Occupational exposure 


(37) Exposure of an individual who normally works in a controlled area 
constitutes occupational exposure. Maximum permissible doses are set for 
the individuals in the small portion of the population that can be occupationally 
exposed (pars. 46-52). The contribution from this group to the genetic dose to 
the population as a whole is discussed in paragraph 65. 


Exposure of special groups 


(38) Persons who only occasionally enter a controlled area and persons who 
work or reside in the vicinity of an controlled area may be exposed to radiation 
originating in the controlled area. They constitute groups that may include 
children and pregnant women as well as individuals subject to other hazards, 
and may in total constitute a large fraction of the whole population. For these 
reasons the maximum permissible dose to these persons as individuals is set 
lower than for persons occupationally exposed (pars. 53-57). The contribu- 
tion from these groups to the genetic dose to the whole population is discussed 
in paragraph 65. 


Exposure of the population at large 


(39) Members of the population at large may be exposed to radiation that 
cannot be related to any specific controlled area; e.g., exposure from environ- 
mental contamination and widely distributed radiation sources such as wrist 
watches, TV sets, and various applications of radioactive materials to be ex- 
pected as a result of future expansion in the atomic energy field. As such 
exposure is not easily controlled, it will be impossible to insure that a recom- 
mended maximum permissible individual dose is not exceeded in any single 
ease. Where large numbers are involved, it will not be possible to examine the 
habits of every individual. A reasonable procedure would be to study a sample 
of the group involved and to set the environmental level so that no individual 
in the sample receives any excessive exposure. There will always remain the 
possibility that someone of grossly different habits from those in the observed 
sample may receive a higher dose than the maximum in the sample. 

(40) In order to facilitate planning for the anticipated increased uses of 
nuclear energy and other sources of radiation, it is desirable at this time to 
recommend a maximum for the genetic dose to the population (par. 64) ; this 
maximum will determine what average gonad exposure could be allowed. Part 
of the recommended maximum genetic dose will have to be used for exposure 
of groups such as A and B and for medical exposure. The proper apportion- 
ment for exposure of the population at large must allow for both internal and 
external exposure (par. 65). 


Medical exposure 


(41) No recommendations are given with regard to the dose to the individual 
from medical exposure. (The contribution of medical exposure to the genetic 
dose is discussed in pars. 69-70. ) 


REDUCTION IN MAXIMUM PERMISSIBLE DOSE 


(42) The new recommendations were introduced partly with the intention of 
limiting the genetically significant radiation exposure (see par. 63) of the popu- 
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lation, and partly to limit the probability of somatic injury by reducing the life- 
time dose. This reduction does not result from positive evidence of damage due 
to the use of the earlier permissible dose levels, but rather is based on the con- 
cept that biological recovery may be minimal at such low dose levels. 


Time INTERVAL OveR WHICH Dose Is To BE ASSESSED 


(43) The maximum permissible weekly doses recommended by the Commission 
in 1950 have been replaced by limits for the doses received over longer periods 
of time (pars. 47-49). In the case of occupational exposure the maximum per- 
missible dose that may be accumulated at a certain time depends on the age of 
the worker. The dose to individuals in the population at large, or in special 
groups other than occupational, may be accumulated at a rate that is deter- 
mined by a maximum permissible annual dose. The genetic dose to the whole 
population is assessed over the period between conception of the individual 
and conception of each child of the individual. (See par. 63 for method of 
evaluation. ) 

(44) These extended periods of time allow for some flexibility in the way in 
which radiation exposure may be received, and at the same time provide what 
is considered to be adequate protection for each group of the population. 


C. MAXIMUM PERMISSIBLE DOSES 
GENERAL 


(45) It is emphasized that the maximum permissible doses recommended in 
this section are maximum values; the Commission recommends that all doses 
be kept as low as practicable, and that any unnecessary exposure be avoided. 


EXPOSURE OF INDIVIDUALS 
OCCUPATIONAL EXPOSURE 


(46) In any organ or tissue the total dose due to occupational exposure shall 
comprise the dose contributed by external sources during working hours and the 
dose contributed by internal sources taken into the body during working hours. 
It shall not include any medical exposure or exposure to natural radiation. 


Exposure of the gonads, the blood-forming organs and the lenses of the eyes 


(47) The maximum permissible total dose accumulated in the gonads, the 
blood-forming organs and lenses of the eyes at any age over 18 years shall be 
governed by the relation D=5(N—18) where D is tissue dose in rems and NW is 
age in years. 

(48) For a person who is occupationally exposed at a constant rate from age 
18 years, the formula implies a maximum weekly dose of 0.1 rem. It is rec- 
ommended that this value be used for purposes of planning and design. 


Rate of dose accumulation 


(49) To the extent the formula permits, an occupationally exposed person 
may accumulate the maximum permissible dose at a rate not in excess of 3 rems 
during any period of 13 consecutive weeks (i.e., in no 13 consecutive weeks shall 
the dose exceed 3 rems). If necessary, the 3 rems may be received as a single 
dose, but as the scientific knowledge of the biological effects of differing dose 
rates is secant, single doses of the order of 3 rems should be avoided as far as 
practicable. 


~ * > * * . “ 
Application to special cases 


(50) Setting permissible limits of exposure in terms of the dose accumulated 
up to a given age introduces certain practical complications. Thus, some work- 
ers (previously exposed at levels within the then permissible limits) may have 
already accumulated a dose in excess of the maximum permitted by the formula. 
There are also special cases in which exceptions in the application of the formula 
may be desirable for practical reasons and are justifiable within the context of 
paragraph 42. The following recommendations are intended to provide guidance 
on administrative policy, which may well vary according to circumstances at 
the local level. (It should be noted that this situation will obtain only during 
a relatively short transition period. ) 
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(51a) Previous exposure history unknown: When the previous occupational 
exposure history of an individual is not definitely known, it shall be assumed 
that he has already received the full quota permitted by the formula. 

(51b) Persons exposed in accordance with the former maximum permissible 
weekly dose: Persons who were exposed in accordance with the former maxi- 
mum permissible weekly dose of 0.3 rem and who have accumulated a dose 
higher than that permitted by the formula, should not be exposed at a rate 
higher than 5 rems in any one year, until the accumulated dose at a subsequent 
time is lower than that permitted by the formula. 

(51c) Persons starting work at an age of less than 18 years: When a person 
begins to be occupationally exposed at an age of less than 18 years, the dose 
shall not exceed 5 rems in any one year under age 18, and the dose accumulated to 
age 30 shall not exceed 60 rems. (The minimum age at which occupational 
exposure is legally permitted is lower than 18 years in some countries.) 

(51d) Accidental high exposure: An accidental high exposure that occurs only 
once in a lifetime and contributes no more than 25 rems shall be added to the 
occupational dose accumulated up to the time of the accident. If the sum then 
exceeds the maximum value permitted by the formula, the excess need not be 
included in future calculations of the person's accumulated dose. Accidental ex- 
posure to doses higher than 25 rems must be regarded as being potentially seri- 
ous, and shall be referred to competent medical authorities for appropriate 
remedial action and recommendations on subsequent occupational exposure. 
This is intended as an administrative guide to permit the continuation of work 
with radiation, following a bona fide accident (‘once in a lifetime”), in cases in 
which interruption of such work, or curtailment of exposure, would handicap the 
individual in the pursuit of his career. 

(5le) Emergency exposure: Emergency work involving exposure above per- 
missible limits shall be planned on the basis that the individual will not receive 
a dose in excess of 12 rems. This shall be added to the occupational dose a¢- 
cumulated up to the time of the emergency exposure. If the sum then exceeds the 
maximum value permitted by the formula, the excess shall be made up by 
lowering the subsequent exposure rate so that within a period not exceeding 5 
years, the accumulated dose will conform with the limit set by the formula. 
Women of reproductive age shall not be subjected to such emergency exposure. 


Exposure of single organs other than the gonads, the blood-forming organs, and 
the lenses of the eyes 


(52) For exposure that is essentially restricted to portions or single organs 
of the body, with the exception of the gonads, the blood-forming organs and 
the lenses of the eyes, a higher dose than the one derived from the formula 
D=5 (N—18) is permitted. The following recommendations are made. 


~ + * - e s 
ExPosURE OF PoPULATION 
GENERAL 


(58) Proper planning for nuclear power programs and other peaceful uses of 
atomic energy on a large scale requires a limitation of the exposure of whole 
populations, partly by limiting the individual doses and partly by limiting the 
number of persons exposed. 

(59) This limitation necessarily involves a compromise between deleterious 
effects and social benefits. Consideration of genetic effects plays a major role 
in its evaluation. The problem has been discussed extensively in recent years 
and suggestions have been made by different national bodies. The Commis 
sion is aware of the fact that a proper balance between risks and benefits can- 
not yet be made, since it requires a more quantitative appraisal of the probable 
biological damage and the probable benetits than is presently possible. Fur- 
thermore, it must be realized that the factors influencing the balancing of risks 
and benefits will vary from country to country and that the final decision rests 
with each country. 

(60) Because of the urgent need for guidance in this regard, the Commission 
in the following sections suggests an interim ceiling for the exposure of the 
whole population. The proposed level is essentially in accordance with sugges 
tions by other scientific groups that have studied the problem and tried to evalu 
ate the possible biological effects. It is felt that this level provides reasonable 
latitude for the expansion of atomic energy programs in the foreseeable future. 
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It should be emphasized that the limit may not in fact represent the proper 
balance between possible harm and probable benefit, for reasons already men- 
tioned. 

(61) On the assumption that the genetic effects are linearly related to the 
gonad dose and provided that no threshold dose exists, it is possible to define 
a population dose average that is relevant to the assessment of genetic injury to 
the whole population (par. 62-63). In the case of somatic effects no such dose 
ean easily be defined although the annual per capita dose to certain tissues or to 
the whole body may be relevant on the assumption of a nonthreshold, linear 
dose-effect relation. 

GENETIC DOSE 
Assessment of genetic dose 


(62) The genetic dose to a population is the dose which, if it were received by 
each person from conception to the mean age of childbearing, would result in 
the same genetic burden to the whole population as do the actual doses received 
by the individuals. A permissible genetic dose is that dose, which if it were 
received by each person from conception to the mean age of childbearing, would 
result in an acceptable burden to the whole population. 

(63) The genetic dose to a population can be assessed as the annual geneti- 
eally significant dose multiplied by the mean age of childbearing, which for the 
purpose of these recommendations is taken to be 30 years. The annual geneti- 
cally significant dose to a population is the average of the individual gonad 
doses, each weighted for the expected number of children conceived subsequent 
to the exposure. 


Mazimum permissible genetic dose 


(64) It is suggested that the genetic dose (see par. 63) to the whole popula- 
tion from all sources additional to the natural background should not exceed 5 
rems plus the lowest practicable contribution from medical exposure. The 
background is excluded from the suggested value because it varies considerably 
from country to country. The contribution from medical exposure is considered 
separately for the same reason and also because the subject is being studied for 
the purpose of limiting such exposure to the minimum value consistent with 
medical requirements. 


Apportionment of genetic dose 


(65) The suggested maximum genetic dose of 5 rems in addition to the dose 
from medical procedures and natural background must not be used up by one 
single type of exposure. The proper apportionment of the total will depend 
upon circumstances which may vary from country to country, and the decision 
should therefore be made by national authorities. 


Addendum to paragraph 65 


(a) Illustrative apportionment.—The Commission does not wish to make any 
firm recommendations as to the apportionment of the genetic dose of 5 rems 
but, for guidance, gives the following apportionment as an illustration. 


(A) Occupational exposure 

(B) Exposure of special groups 

(C) Exposure of the population at large 
Reserve 


(b) Fractions of population.—Assuming that the ratio of the total population 
to the reproductive population is the same in all groups, the largest fraction 
(e) of the whole population that can be exposed to an average annual dose D-‘, 
is given by the equation: 

e.30.D-i, = Diy 


where D'‘, is the apportionment of the genetic dose of the ith exposure group, 
and the average annual dose within the group can be expressed as a fraction of 
the maximum permissible individual annual dose; i.e., D-*,—F,;D*,. 

(c) Occupation exposure.—Assigning 1.0 rem to occupational exposure would 
mean that 1.7 percent of the whole population could accumulate the maximum 
permissible occupational gonad dose of 60 rems by age 30. It is very unlikely 
that such a figure will be approached in the foreseeable future. At the present 
time, the number of persons occupationally exposed in technologically devel- 
oped countries is about 0.1-0.2 percent of the population, and most of these per- 
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sons receive doses which are considerably less than the maximum permissible 
doses. 

(d) Exposure of special group.—Since the contribution from the special groups 
is largely due to group B(c) an apportionment of 0.5 rem for the special groups 
would imply that about 3 percent could be exposed to the maximum permissible 
individual annual gonad doses for these groups. The allowable size of these 
groups varies inversely with the average dose within the groups. Thus, if this 
dose were only 10 percent of the maximum individual doses, the groups could 
amount to 30 percent of the whole population, which is very much larger than js 
likely to occur. 

(e) Exposure of the population at large.—The apportionment of 2.0 rems (with 
a long-term reserve of 1.5 rems for possible eventualities) for the genetic ex- 
posure of the population at large is intended for planning purposes in the 
development of nuclear energy programs (with the associated waste disposal 
problems) and more extensive uses of radiation sources. In the case of internal 
exposure, the radioisotopes of interest are those that contribute to the gonad 
dose directly (by local concentration) or indirectly (by radiation produced 
elsewhere in the body). In either case the maximum permissible concentrations 
in air and water of these isotopes recommended by committee II for continuous 
occupational exposure (‘“168-hour week’) are based on an average yearly dose 
of 5 rems in the gonads or the whole body. If for these isotopes the average 
concentrations in public air and water supplies are lower than the values recom- 
mended for continous occuptional exposure by a factor of 1/100, the genetic 
dose to the population would amount to 1.5 rems (51/100 rems/year in the 
gonads X 30 years=1.5 rems). In this case the contribution from external 
sources should be limited to 0.5 rem in order not to exceed the total of 2 rems. 


SOMATIC DOSE 


(66) No specific recommendations are made at this time as to the maximum 
permissible “somatically” relevant dose to the population. However, it is ex- 
pected that the maximum permissible limits of the individual total does recom- 
mended in paragraphs 46-57 will keep the average dose in any tissue at sucha 
level that the injuries that could possibly occur in a population would be well 
within acceptable limits. (See par. 31.) 

(67) In the case of external exposure of the whole body to penetrating radia- 
tion the restriction imposed by the genetic dose to the population automatically 
reduces the doses to internal organs below the individual maximum permissible 
annual doses recommended in paragraphs 46-57. Thus the probability of 
somatic injury in these organs is considerably lower than indicated in paragraph 
66. The same thing applies to internal exposure resulting from radioisotopes 
that directly or indirectly contribute to gonad dose of a population. (See adden- 
dum to par. 65.) 

(68) There remain for further consideration those istopes that concentrate in 
specific organs (other than the gonads). In view of the existing uncertainty 
as to the dose-effect relationships for somatic effects, it is suggested that for 
planning purposes the average concentrations of such isotopes, or mixtures 
thereof, in air or water, applicable to the population at large, should not exceed 
one-thirtieth of the MPC values for continuous occupational exposure given in 
the report of committee IT. 
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BIoLocicaAL EFrrects 


DEPARTMENT OF RADIOTHERAPEUTICS, 
UNIVERSITY OF CAMBRIDGE, 
Cambridge, England, April 27, 1959. 
Hon. CHET HOLIFIELD, 
The House of Representatives, 
Washington, D.C. 


Dear Mr. HOLiFIELD: Enclosed are the two summaries of the two reports for 
the forthcoming congressional hearings on the problem of “fallout”. The delay 
in sending these reports is the result of informing various people involved with 
these investigations of the submission of these reports for the hearings, as well 
as securing permission from the publishing houses in whose journals they will 
eventually appear. As yet I have not completed these matters, however I am 
sending them on to you because of the shortness of time before the hearings. 
In the event there are any objections to having either of the reports incorporated 
I will let you know. - 

I believe that both of these reports will be of interest to individuals interested 
in the fallout problem. The use of the ion-exchange column and artificial kidney 
offer two new attempts at removal of internally deposited radioactive materials. 
We were able to remove 30 to 40 percent of the injected dose of strontium shortly 
after injection in dogs, but the amount removed fell rapidly with time. The pro- 
cedure may be of use in the removal of radioactive materials from the blood 


' stream, thus preventing damage to the kidneys. The results also showed that the 


primary part removed the first few hours would have eventually been eliminated 
the first week. However, full investigation of the potentialities of the method 
have not been carried out at present. It may be that this method used in con- 
junction with other methods may be more effective than either used inde- 
pendently. 

It may also be of interest that this method has many potential uses for study- 
ing the dynamics of the metabolism of radioisotopes of stable elements in the 
body. The medical division of the International Atomic Energy Agency is ex- 
ploring the possible use of this inexpensive apparatus for adaptation in the in- 
troduction of medical and biological uses of radioisotopes in underdeveloped 
countries. 

The investigation of the late clinical findings following thorotrast administra- 
tion is important for numerous reasons. These patients constitute one of the 
largest sources of humans in the United States for the study of the long-term 
effects of continuous low level irradiation in man. You will note that rare 
tumors of the liver, the organ of greatest thorium disposition, are beginning to 
occur in these patients. The activity in the bone marrow is sufficiently great 
to make these patients an excellent source of material for the study of radiation 
induced leukemia. 

The study made in Washington is, in essence, a pilot study, and it is hoped 
that a national followup study of the people can be initiated. Some preliminary 
discussions have been held in Washington under the auspices of the subcommit- 
tee of radiology of the National Research Council with representatives of the 
U.S. Public Health Service, Veterans’ Administration, and the Medical Depart- 
ment of the Navy and the Atomic Energy Commission. We are meeting in 
London, prior to the International Radiological Congress in Germany this sum- 
mer, in an attempt to formulate possible means for going about a national 
followup study. 

Please do not hesitate to let me know if there are any questions about these 
reports. I appreciated the opportunity of discussing these matters of mutual 
interest with you while in Washington. Again, I want you to know that I think 
that you are performing a very useful and important public service. 

Very sincerely, 
WitutiaM B. Looney, M.D. 
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INTRODUCTION 


The classic studies of Aub, Bvans, Gallagher and Tibbets (1) 
in 1938 in radioelement removal deudinteerdd that the renal 
clearance for radium was less than 1 percent in twenty-four hours, 
This finding suggested the possibility that direct removal from 
the blood might prove to be an effective way of eliminating 
radioactive materials. Both the artificial kidney (2) and ion- 
exchange resins (3) afford means for radioelement removal as well 
as providing an opportunity for extension of the work by Hastings 
and Huggins (4) on the mobilization of calcium in the circulating 
body fluids (5,6,7). The utilization of two radioisotopes of 
strontium and one radioisotope of calcium has also permitted an 
extension of previous studies of the metabolism of both strontium 


and calcium. (8-17) 


The circulation of blood through an ion-exchange resin 


» 
offers a wide range of potential application to biological and 


clinical investigation. Appropriate adjustment of the cation 
concentrations in the column permits preferential removal of 
particular cations of interest. The ability to place electrolytes 
of a biological system out of equilibrium affords an excellent 
tool for the study of the dynamics of both administered radio- 
isotopes and stable electrolytes of the biological system. 


MATERIAL AND METHODS 


This study of the dynamics of strontium and calcium 
metabolism has been made by circulation of the blood of 18 dogs 
either through an artificial kidney or an ion-exchange column 
for periods ranging from 1.5 to 7 hours (see Fig. 1). The ion- 
exchange column has been primarily used because of its simplicity, 
economy of operation, and potential adaptation for more extensive 


utilization. A sulfonic acid resin was used in the cation-—exchang? 
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column, and sodium was the cation attached to the exchangeable 
group. Removal rates for the radioisotopes and electrolytes 
have been derived from the amount of the element in question 
removed divided by the time of blood flow through the column. 

The serum Ca, Na, K, Cl, CO., Mg and pH were determined 
before, during and after the removal periods by standard 
methods. (18-23) With the exception of serum calcium, no marked 
variation in the serum concentration of the electrolytes was 
found. Sr-89 and Ca-45 determinations were made by the method 
described by Maletskos. (14) The Sr-85 determinations were made 


in a well-type scintillation counter. 


RESULTS 


Both the artificial kidney and ion-exchange column were 
found to be effective methods for removal of calcium from the 
plasma. Changes in serum calcium concentration during and after 
circulation of the blood of a dog through an ion-exchange column 
is illustrated in Figure 2. There was a rapid fall in the serum 
calcium which was then sustained at a concentration of 3 milli- 
grams percent for 2+ hours. It was necessary to stop for a half 
hour because of increased respiration and tetanic contractions of 
the dog, and the serum calcium concentrations rose rapidly. 
Removal was continued for 4 more hours with a depression of the 
serum calcium concentration to 2 milligrams percent at the 
termination of the experiment. During the three hour recovery 
period the serum calcium rose to the control value. 

The rate of removal of calcium during the first 30 minutes 
was usually between 2.5 and 6 milligrams per minute. After this, 
the rate of removal was in the order of 0.5-2 milligrams per 
minute in most dogs. 

The mean amount of radiostrontium and radiocalcium removed 


in 7 dogs, 1 hour after administration, was 33.9 * 6.5 percent of 


the injected dose (see Table 1). The amount of the radioisotope 
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which could be removed by the ion-exchange column rapidly decreage; 


with time after administration. The mean removal of radiostrontiy 
and radiocalcium in 9 dogs from 12 hours to 3 days after adminis- 
tration was only 6.5 + 3.1 percent of the injected dose. 

These data define more precisely than the rates of stable 
calcium removal the fact that calcium is being removed from at 
least two hypothetical body compartments. Twelve percent of the 
dose was removed from the first compartment, with a half time of 
20 minutes. The remainder of the injected dose removed came fron 
a hypothetical compartment with a half time of removal of 11 hours, 

The following experiment illustrates the use of the three 
isotopes for the study of the removal of strontium and calcium 
by the ion-exchange column. Ca-45 and Sr-85 were injected 69 
minutes before removal, and Sr-89 three days before removal ina 
dog (CK-127) (see Fig. 3). A total of 29.6 percent of the injectei 
Ca-45 and 31.3 percent of the injected Sr-85 was removed after 
circulation of the blood through the ion-exchange column for 5 
hours. Only 1.9 percent of the Sr-89 injected 3 days before was 
removed. Approximately 1 percent of the injected amount of the 
three radioisotopes was removed in the second experiment conducted 
one week after the first experiment. 

Infusion of calcium gluconate into the blood leaving the 
ion-exchange column was made at a rate to maintain the serum 
calcium concentration in the removal of radiostrontium in 2 dogs. 
The radiostrontium removal with calcium infusion was similar to 
its removal without calcium administration. 

One of the major questions concerning the removal of radio- 
calcium and radiostrontium by the ion-exchange column was the 
question of alteration of the normal elimination of the radio- 
isotope in the excreta. The practical value of radioelement 
removal in man will depend to a large extent upon the removal of 
a significant fraction of the radioelement by the artificial 


kidney and ion-exchange column which would normally not be 
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eliminated in the excreta. Results from excretion studies in 
4 dogs over a 7 to 10 day period have shown that radioisotopes 
removed by the ion-exchange column would have been eliminated 


eventually in the excreta. This is illustrated by the results 


of the study on Dog CK-127 (see Fig. 4). During the three day 


period before connecting the dog to the ion-exchange column 
about 45 percent of the injected dose of the Sr-89 had been 
excreted, and only 1.9 percent was removed by the ion-exchange 
column. Thirty percent of the Sr-85 injected 69 minutes before 
the dog was connected to the ion-exchange column was removed. 
However, the total amount of both Sr-85 and Sr-89 remaining in 
the dog at the end of the experiment was approximately the same. 
Results of the renal clearance before, during and after 
connecting the dog to the ion-exchange column were made in 5 dogs. 
The compared changes in the renal clearance of Na, K, P, Ca-40, 
Ca-45, Sr-85 and Sr-89 have given results which warrant further 
study. There was, in general, a reduction in renal clearance of 


both stable and radioactive cations during the period of removal. 


DISCUSSION 


The ability of the ion-exchange column and the artificial 
kidney to remove calcium from the plasma at a rate equal to, or 
faster than, its rate of mobilisation from bone gives a means for 
extending the study of calcium metabolism which has not been 
heretofore feasible. 

The removal rate of calcium-40 from the plasma the first 
30 minutes was between 2.5 and 6 milligrams per minute. This was 
considered to be the combined removal from both extracellular 
fluid and bone. The removal rate after 30 minutes was between 
0.5 and 2 milligrams per minute. It is therefore considered that 
the removal rate of calcium of 2 milligrams per minute is a 


reasonable estimate for the maximum rate of mobilization of 
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calcium from bone after depletion of the calcium in the extra- 
cellular fluid. Analysis of the removal rate of radiocalcium 
more precisely defines the removal of stable calcium from the 
extracellular fluid and bone. (See Table I). Two distinct rates 
of removal were found for radiocalcium. The mean removal of 12 
percent of the injected dose of strontium and calcium was from a 
hypothetical compartment with a half time of removal of 20 minutes, 
Since the estimates of the injected radioisotopes in the plasma 
at comparable times was 11.6 percent, it is considered that the 
major part of the radioisotope removed with a half time of removal 


of 20 minutes came from the plasma. The remainder of the radio- 


isotopes removed is considered to represent a composite curve of 


removal from the interstitial fluid and bone. 

The decreased efficiency of removal of radiostrontium and 
radiocalcium by the ion-exchange column after 12 hours to 6 to 
12 percent of the dose would suggest that a major change in 
incorporation of the two radioisotopes in bone occurs between 
one hour and 12 hours. 

The results of the renal clearance studies in 5 dogs are 
considered to be preliminary. There was a reduction in the renal 
clearance of radiostrontium compared to radiocalcium and stable 
calcium after connecting the dog to the ion-exchange column. 

If there is competitive reabsorption of strontium and calcium by 
the kidney tubules, then the reduced excretion of calcium as a 
result of depressed serum calcium may cause a relative increase 


in tubular reabsorption of radiostrontiun. 


SUMMARY AND CONCLUSIONS 


An estimate of the maximum rate of calcium mobilization 
has been obtained by circulating the blood of dogs either through 
an ion-exchange column or artificial kidney. The utilization of 
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two radioisotopes of strontium and one radioisotope of calcium 
gave a means for comparing strontium and calcium metabolism under 
non-equilibrium conditions. The methods described are also of 
theoretical value in decreasing exposure of the kidney to 


nephrotoxic elements. 


ACKNOWLEDGEMENTS 


The authors would like to express their appreciation to 
Dr. Joseph C, Aub of the Massachusetts General Hospital, through 


whose encouragement this study was initiated. 


The assistance and support of Professor Robley D. Evans, 
Dr. Robert A. Dudley and Mr. Joel B. Bulkley of the Radioactivity 
Center, MIT, Dr. Paul Zamecnik, Dr. Walter Bauer and Dr. Joseph 
Gardella of the Huntington Memorial Laboratories and the Department 
of Medicine, Mass. General Hospital, are gratefully acknowledged. 


Miss Mary Hawes of the Kidney Laboratory Peter Bent Brigham 
Hospital and the Chemistry Laboratory of the Mass. General 
Hospital were most helpful in the electrolyte determinations. 


The authors would also like to thank Dr. Frank Gardner and 
Dr. Phin Cohen of the Peter Bent Brigham Hospital for assistance 
in the determination of platelets. 


The magnesium determinations were obtained through the 


courtesy of Dr. Benjamin Barmes and Mrs. Leo Gordon of the 


Surgical Laboratory of the Mass. General Hospital. 





weeW oy} FO UOTZeTAEG PrEpUeyS » 


AR WEAPONS TESTS 


4 


NUCLE 


FROM 


(sanoy ) (seqnutm) | quemz2zedu0o L edoqzost 
Z quem4zedm0o | zUem.21edm00 wory peaower ssop | szuemqyredmo0o Woly peaowe.z 
woly Teaowes woly Teaouser quecored snutu Zz pue | | wory peaomerz esop jue0reg 
gO owT4 JTey yO owt, JTey sqjuemqzedmoo mors | osop 4yuedreg 
PeAouIeI ssop 4yusoreg 


(s¥o0q ueaeg ) 


FALLOUT 


uotTzoefuy ze4sy anoyq eup ATeyeuTxorddy squemzzeduo0g 


TeoTzeyyzodsy OM], Worg UMT4UOI4ySOTpeY pue uMTOTBOOTpeY JO Teaomey 


aTav ws 





s4ucaes 


Vas 


. 

=) 
> 
5 
4 
> 
yu 
4 
> 
D 
> 
3 
4 
0 
o 
4 
Q 
} 


FALLOUT FROM NUCLEAR WEAPONS TESTS 2291 


=:]RESERVOIR 


FEMORAL 
ARTERY 
ION-EXCHANGE 


COLUMN 


BLOOD FLOW 
METER 
DIRECTION OF 
BLOOD FLOW 


DIAGRAMMATIC REPRESENTATION OF BLOOD 
FLOW FROM DOG THROUGH ION-fXCHANGE 
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Fig, j. Diagram of Ion-exchange Column. 
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Removal of ca*, sr°9 and sr°? by connecting the dog to 
the ion-exchange column and circulating the blood for 4 
hours and 35 minutes. sr°9 was injected 3 days prior and 
cat? and sr°? 69 minutes prior to connecting the dog to 
the column. The broken curves represent the results of 
the 2nd removal period one week later. Values for the 
2nd removal period have been corrected for excretion and 
they are expressed as per cent of the retained dose at 
the time of the 2nd removal period. (CK 127). 
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| | Dog CK127 


| Injection of | Injection of Sr®5. CaS 
Sy 89 


Removal of Sr®9 Sr85+Ca4> 
by the ion exchange column 
80 in4hours and 35 minutes 
Urine + Fecal 
Canines of 
7oL 


Combined curve for 
excretion and ion 
exchange column 
removal of Ca45Sr85 
and Sr89 


4 6 8 lO 
Time of Excretion Study - Days 


The sum of the removal of Ca’, sr°? 


and Sr°? by the 
ion-exchange column and the cumulative excretion of 
these radioisotopes 3 days before and 7 days after 


the removal period. (Dog CK 127). 
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Thorotrast (thorium dioxide in suspension) was first used 








clinically in 1928. During the period 1930-1945 it was widely 










used in diagnostic radiology, primarily for the visualization 
of the liver, spleen and cerebral arteries, !2?90»951117,126 

Thorotrast utilization has been curtailed in part because of 
sequelae which have developed from induration at sites of 
injection, and in part because of the recognition that thoriun, 
the parent of a series of radioactive daughter elements, might 


produce clinical damage or neoplasia. A study of thorotrast 







patients has been made because they comprise an important source 


of clinical material for the study of the late effects of 












continuous low level radiation. In addition, the study was 
planned to obtain information about the various radiobiological 
aspects of thorium in view of its potential use as a breeder 
material in nuclear reactors; to obtain information about radium 
isotopes of the thorium decay series in view of their presence 
in the skeletons of luminous dial workers; and to obtain 
biological information about the actinide rare earths, in order 


that a better understanding of the late effects of members of 












the group (e.g. plutonium) might be obtained. It was also 

considered that the thorium patients would constitute a source 
of clinical data for utilization in the evaluation of maximum 
permissible levels of body burden for radioelements in use today. 
A summary of previously published histopathological, 
autoradiographic, radiochemical and spectrochemical findings of 


this study is given in Part I.* The results of the laboratory 


* A brief summary of the clinical and radiochemical aspects have 
been published (Looney, 1954)64 (Looney and Colodzin, 1955)67 
(Looney, Hursh, Colodzin and Stedman, 1958)66, A joint study of 
the distribution of thorium and the excretion of thorium and the 
radium isotopes of the thorium decay series was carried out as 4 
joint project with the Department of Radiation Biology, Upirerets 
of Rochester (Hursh, Stedman, Looney and Colodzin, 1957).24 


The autoradiographic study was made as a joint project with the 
Radiobiology Laboratory, University of Utah and the Laboratory of 
Biological Isotopic Research, University of Copenhagen (Looney, 
Arnold, Levi and Jee, 1955) .65 Certain aspects of this study are 
still in progress. 
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and clinical findings of the thorotrast patients are given in 
Part II. The general problem of radiation dosimetry, 
hematological findings, skeletal findings, clinical follow-up 
studies, and carcinogenesis in thorotrast patients is included 


in the discussion. 


PART 


SUMMARY OF EXCRETION, DISTRIBUTION, AUTORADIOGRAPHIC 
AND HISTOPATHOLOGICAL FINDINGS 


A. n Studi 

Patient M. H. was given thorotrast in an attempt to 
determine the etiology of jaundice. After receiving 72 cc of 
thorotrast she excreted approximately 0.7 percent of the thorium 
during the 17 days between administration of thorotrast and 
death from carcinoma of the pancreas. The average thorium 
excretion rate from the 10th to 17th day was about 0.0007 percent 
of the dose per day. Patient A.T. was a 34 year old male who had 
osteogenic sarcoma. It was estimated that between 0.04 and 0.1 
percent of the thorium was eliminated in 108 days after receiving 
60 ce of thorotrast. The average excretion between the 24th and 
108th day was estimated to be from 0.00025 to 0.00045 percent of 
the dose per day. The biological half-time of thorotrast from 


these studies was estimated to be over 400 years.°4 


B. Distribution Studies 
The thorium content of the organs of the body was determined 


by spectro-chemical analysis. Almost all of the thorium was 
present in the liver, spleen and bone marrow of the patients 

17 and 49 days after administration. Small amounts were found 
in the lungs and adrenals. Minute amounts of thorium were 
present in all organs and tissues upon which the thorium content 


determinations were made. Distribution studies were also made 
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on two patients, L.W. and A.D. who had been given thorotrast 
10 and 19 years prior to death (see Table 1). 


The concentration of radium isotopes in the organs of 


highest thorium deposition and the radium isotope content of 
various parts of the skeleton were determined on patient M.H, 
17 days after thorotrast administration and patient A.D. 19 
years after administration (see Table 2). 


C. Histological and Autoradiographic Studies 

Comparisons of the histological sections of the patients 
who died 17 and 49 days after thorotrast administration were 
made with sections from patients who died 10, 18 and 19 years 
after administration. In the patients given thorotrast shortly 
before death, most of the thorotrast was present in the cells 
of the reticulo-endothelial system, and was rather uniformly 
distributed throughout the organs; whereas, in the patients 
examined 10, 18 and 19 years after thorotrast administration 
most of the thorotrast was present in aggregates. In the review 
of the histological specimens from the organs of patients years 
after administration there was in general comparatively little 
destruction and connective tissue replacement around the 
thorotrast aggregates in most of the organs studied. The major 
exception to this was the spleen in which a progressive 
destructive effect seemed to occur. With destruction of the 
splenic architecture and replacement fibrosis the spleen became 
smaller in size. Since the thorium content remains almost 
constant, there was an increase in the relative concentration 
of thorium. The spleens of some of the patients were markedly 
reduced to about one fifth their normal size, while in others 
they were almost completely destroyed. 
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PART II 


CLINICAL STUDIES 


A. Age and Time of Retention of Thorotrast 

The status of 35 people has been determined in the National 
Naval Medical Center study. These people were given intravenous 
injections of from 3 to 15 grams of thorium dioxide as thorotrast 
during diagnostic radiological procedures, There were 15 patients 
whose diagnostic procedures usually required from 15 to 25 cc of 
thorotrast (3 to 5 grams of thorium) and 20 patients who had 
procedures usually requiring from 60 to 75 ce of thorotrast 


(12 to 15 grams of thorium). The mean age of the first group 


of patients in 1954 was 44 years, the mean time of retention was 
15.6 years. The mean age of the second group in 1954 was 58 
years, and the mean time of retention was 14.5 years. One patient 
of Group I and 13 patients of Group II are dead. The mean age at 
death was 62 years (see Table 3). 


B, nt F 

There was increased density found in the liver and spleen 
of almost all of the patients examined. Roentgenograms of the 
liver and spleen taken shortly after administration showed that 
the X-ray shadow from thorotrast was smooth and confluent in 
appearance, while roentgenograms taken years following adminis- 
tration had a lacey trabeculated appearance. There was also 
roentgenographic evidence that some thorotrast had apparently 
migrated to the regional lymph nodes. 

Increased densities in the neck were found in some patients 
in which thorotrast had been extravasated into the soft tissues. 
In a few instances the thorotrast had migrated in the mediastinum 
to the level of the heart. Chest X-rays were negative. 

Skeletal roentgenographic examinations were made on 19 of 
the 35 patients. The examinations were repeated in five cases. 





2302 FALLOUT FROM NUCLEAR WEAPONS TESTS 


In 11 of these patients minor irregularities were observed in 
the tibiae, femorae, humerii, radii or ulnae. There were 
longitudinal striations in the shafts of some of the long bones, 


Increased thickness of the shafts of the tibiae and femorae were 


occasionally found in the middle one thira, ©4965 66 Some bones 


had increased densities which appeared to be from deposits of 
thorotrast along the endosteum (see Tables 4 and 5). 

Dental roentgenographic examinations were made on eight 
patients by Commander Colby of the Naval Dental School National 
Naval Medical Center. There was no evidence of dental changes 


attributable to thorotrast administration. 


C. Hepatic Function Studies 

Hepatic function studies were made on 14 of the 15 patients 
of Group I (see Table 4, first part of Table 6). All patients 
had negative histories of hepatic disease; in only one patient 
was the bromsulphalein test consistently abnormal. 

There was a history of hepatic disease prior to thorotrast 
administration in 11 of the 20 patients in Group II. Only four 
patients had negative histories for previous liver disease. 

The reason for administration is unknown in the remaining five. 
Two of these patients are still living and enlarged livers were 
found at the time of thorotrast administration. It is presumed 
that hepatic disease was present. Thorotrast was found at 
autopsy in the other three. 

Hepatic function studies were made on 12 of the 20 patients 
in Group II (see Table 5 and second part of Table 6). Abnormal 
hepatic function was indicated by at least one of the tests in 
7 patients. Five of these patients had known histories of 
hepatic disease, and the two remaining patients with enlarged 
livers were presumed to have hepatic disease. On subsequent 
examination only three of the seven patients had abnormal hepatic 
function. 
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D. Hematological Studies 

Hematological studies were made one or more times on 30 
of the 35 patients. Occasionally patients had haemoglobin and 
erythrocyte values which were at the lower limits of normal or 
were slightly depressed (see Table 7). 

Patient L.W. had a diagnosis of anemia made in 1937 at the 
time of thorotrast administration. An anemia persisted until 
her death in 1951. Terminally, bizarre lymphocytic and monocytic 
changes were found. The diagnosis of monocytic leukemia was 
considered by the attending physician. However, there were 


insufficient findings to establish a diagnosis of leukemia. 


E. Clinical Examination 

Clinical examinations of these patients were in general 
negative. There was little evidence of clinical damage from 
thorotrast. The only evident clinical effect found was 
induration and contraction at the sites of thorotrast extrava- 
sation into the arms and necks of some of these patients. 
Involvement of the vocal cords, esophagus and carotid artery 
were some of the indirect results occurring from induration and 
contraction. A summary of the pertinent clinical findings and 
laboratory studies is given in Tables 4 and 5. 

Two patients have died from tumors of the liver since the 
completion of this study. The first patient M.R. died in 1955, 


age 52, 23 years after receiving 72 cc of thorotrast, which was 


given in an attempt to determine the cause of jaundice and an 
enlarged liver. Pathological studies were made by Swarm! 19 
and Stewart! '? at the National Cancer Institute. The tumor 
was classified as an hemangioendothelioma. Neoplastic tissue 
was found in the liver, spleen and bone marrow. 

The second patient of this study died recently in 1958, 
at the age of 43, from hepatic failure and bronchopneumonia. 
She had received an unknown amount of thorotrast 17 years prior 
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to death. The pathological studies have not been completed, 
however the preliminary pathological report has been obtained 
through the courtesy of the attending physician, Dr. J.E. 
Fitzgerald. A multinodular primary hepatic neoplasm was found 


on the gross anatomic examination. 


DISCUSSION 


A. Radiation Dosimetry 

Thorotrast is a colloidal solution containing 20 percent 
thorium dioxide and 20 percent dextran with 0.15 percent 
methyl-p-hydrobenzoate added as a preservative. 2° The amount 
of thorium dioxide used in thorotrast for a hepatogram 
(approximately 15 grams) has an estimated alpha-particle 
equivalent to 2.1 micrograms of radium on an alpha-particle 
energy basis, assuming that both radium and thorium are in 
equilibrium with their daughter products. For purposes of 
calculation of radiation dose, it is assumed that the thorotrast 
remains in the body indefinitely. Excretion studies have shown 
that the biological half-time for thorium is over 400 years.>* 
Estimates of the percent of the injected amount of thorium 
retained in the organs of greatest thorotrast deposition by 
different investigators are as follows: liver 71-73 percent; 
spleen 7-17 percent; bone marrow 6-10 percent. The most 
reasonable estimates at present of the average dose from 75 cc 
of thorotrast (Rads per week) are as follows: liver 1.5; 
spleen 2.5; bone marrow 0.3, 20 294957297108 

Determination of the radiation dose to the tissue from 
thorotrast is a very difficult problem. 24999997» 104» 105,108,121 
The extent of self absorption of the alpha particles in the 
thorotrast aggregates, the increasing size of the aggregate 
with increasing time after administration, and the state of 
radioactive equilibrium of the daughter elements of the thorium 
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series in the body are some of the more important factors which 
have to be taken into consideration in radiation dosimetry. 
Estimates of the radiation dose have been made by quantitative 
autoradiographic studies, radiochemical and spectrochemical 
determinations of thorium members of the thorium series in 
tissue specimens, excretion studies, and external measurement 
of the living patient. Estimates of the average radiation dose 
to the liver, by one or a combination of these methods, vary 
from about 1 to 9 rads per week following the deposition of 

75 cc of thorotrast. The average accumulated dose to the liver, 
the primary organ of thorotrast deposition, in 50 years was 
calculated to be in the order of 3500 rads. Rotblat and 


Wara?? 997 found by quantitative autoradiography that the 


radiation dose to different parts of the spleen of a patient 
11 years after administration varied by a factor of 20. 
Therefore, if we assume that the radiation dose in the liver of 
a patient varies by a factor of 20 after 50 years, then some 
areas of the liver may have received a total accumulative dose 
of about 700 rads, while others may have received as much as 
14,000 rads based on the calculations of Rundo. '08 

There is a much greater variation of thorium in the bone 
marrow (0.1 to 77 mgm/gm ash tissue) than in the liver (125 to 
420 mgm/gm of ash tissue) (see Table 1). The estimates of 
average accumulated radiation dose for the bone marrow will 
therefore be subject to greater fluctuation. If, however, we 
assume that the average accumulated radiation dose to the bone 
marrow is one tenth the average accumulated radiation dose to 
the liver, then the average accumulated radiation dose to the 
bone marrow would be in the order of 350 rads in 50 years. 


B. Hemat Stu 
1. Anemias 


Destruction of bone marrow might be expected in thorotrast 
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patients since it is one of the major organs of thorotrast 
deposition. Twelve cases have been reported in which patients 
died 3 to 17 years following thorotrast administra- 

tion, 19*26148157,62,71 575578 Since almost all of these 
were aplastic anemias it is possible that the thorotrast may 
have contributed to the anemias by destroying bone marrow. 
The difficulty of conclusively establishing a relationship 


between thorotrast deposition and hematological disorders is 


illustrated by the study of 222 patients by Backer.2?!° 


2. lLeukemias 

At present there has been no specific type of leukemia 
found in patients who previously received thorotrast. It 
would therefore seem that any correlation between leukemia and 
thorotrast administration will have to be made by showing an 
increased incidence in a large series of thorotrast patients 
compared to a control series of patients. Moloney"? has 
recently made a review of the induction of leukemia in man by 
irradiation. Only ten cases were found in which thorotrast had 
been given prior to the induction of leukemia. Adequate data 
were available in only 6 cases. The time between thorotrast 
administration and the occurrence of leukemia was 12 + 7 years 


in these six patients, 92946957181 4125 


C. Bone 

The thorium content of compact and cancellous bone shortly 
after thorotrast administration and many years after thorotrast 
administration was found to be very smali?4 (see Table 1). 
Radiochemical analysis of the radium isotopes of the organs of 
greatest thorium deposition (i.e. liver, spleen, bone marrow) 


and bone were made to see if any significant transference of 


the radium isotopes to bone occurred?’ (see Table 2). 


These results indicate that only a minute fraction of the 
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long-lived radium isotope Ra-228 as well as Th-232 are present 
in the skeleton either shortly after thorotrast administration 
or after long periods of deposition. Since the analyses were 
made several months after death no attempt was made to estimate 
the radiation dose to bone, because of the decay of the short- 
lived 3.6 day radium isotope, Ra-224. (See Figure 1). 
Autoradiographic studies have given further evidence that only 
minute amounts of the two long-lived daughters of the thorium 
decay series (mesothorium (Ra-228) and radiothorium (Th-228) ) 
are present in or transferred to bone. Autoradiographs of bone 
sections given long exposures (up to two years) showed that 
although bone shows a higher activity than natural background, 
the activity was minute as compared to the activity in the 
liver, spleen and bone marrow.° 

It is possible that if Ra-224 is transferred to bone after 
being produced in the liver and spleen, then the skeleton would 
have to be considered as a primary organ with regard to the 
radiation dose from thorotrast, as the remaining six daughter 
radioelements of the thorium decay series have half-lives in 
the order of seconds to minutes, with the exception of Pb-212 
which has a half life of 10.6 hours. 

A recent report (1957) of preliminary calculations has 
been made of the possible skeletal burden of activity of a 
patient with 4 grams of thorium?! These authors estimate an 
alpha energy absorption by the skeleton equal to 40 to 100 
percent of that absorbed by the skeleton of a patient with 0.1 
micrograms of radium, the present permissible level. 

Minor skeletal irregularities were found on skeletal 


survey of these patients and the preliminary results were 


published in 1954,°4 These skeletal roentgenographic findings 


are considered to be equivocal. We were able to demonstrate 


that some of the irregularities along the endosteal surface may 
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have been the result of the deposited thorotrast. Extensive 

examination of compact and cancellous bone was made on specimens 
obtained from two patients who died 17 days, (patient M.H.) and 
19 years (patient A.D.) after thorotrast administration. 
Portions of the same specimens were used for histopathological 
studies, thorium analysis and radium isotope analysis (see 


Table 1). 















No quantitative difference was observed in the bone 
specimens when compared to bone specimens of comparable age 
groups. No histopathological changes characteristic of radium 


deposition were found. ©? (Bone specimens from a thorotrast 








patient supplied by Dr. Charles Johnansen of Copenhagen also 
failed to show histopathological changes characteristic of 


radium deposition). Moreover, Faber (1957) reported that 








skeletal surveys made on a larger and more unselected series of 
patients have failed to show similar skeletal irregularities. 


Dental and dental roentgenographic examinations were made 















on 8 patients. In none of these patients were dental effects 





found which could be attributable to thorotrast. 
If a relationship exists between the administration of 
thorotrast and the minor skeletal irregularities seen 
roentgenographically, it would be most likely from the 
radiation from the thorotrast aggregates in the bone marrow 


along the endosteun. 





One of the primary effects would probably 





be the result of decreased bone resorption along the endosteal 









surfaces as a result of damage to the osteoclasts. The minute 
radioactivity in bone most likely comes from the thorium 
deposited in the haversian canals, as no significant transfer 


of the radium isotopes from other parts of the body have been 












demonstrated at present. However, it is considered that the 


results of the studies to date give evidence which warrant 
further study.* 


* Specimens of compact and cancellous bone from a few patients 
shortly after death will permit the completion of the study to 
determine if the 3.6 day radium Ra-224 isotope is transferred 
to bone. It is requested that bone specimens be sent to Dr. 
John Hursh, Division of Radiation Biology, University of 

Rochester, School of Medicine and Dentistry, Rochester, N.Y. 
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D. iungs 

The lungs of four patients in the National Naval Medical 
Center study (see Table 1) were found to have an average of 
200 mgm of thorium. It was estimated that the lungs would 
receive 0.06 rads per week, assuming homogenous thorium 
distribution throughout the lungs. Exhaled thorium was not 
taken into consideration in these calculations of the radiation 


dose. 


Mitchell ’’ has estimated that the thoron produced in the 


body of patients given 75 cc of thorotrast will give a radiation 
dose to the alveolar epithelium of lungs (approximately 150 gm 
of lung tissue) of 4 rads per week. This is based on the 
assumption that 5 percent of the thoron produced by thorium 
decay in the liver, spleen and bone marrow will be transferred 
by the blood stream to the lungs and exhaled. 

The other available data on long-term pulmonary exposure 
from thorium are from a group of individuals employed in a 
thorium refinery.° There were 60 employees who had worked in 
direct exposure to thorium and thoron. One-half of these, 
26 employees working at the time of the survey, had worked 
10 years or more. No significant medical abnormalities were 
found which could be attributed to either thorium or thoron. 

One of these workers died from a coronary occlusion after 
being employed for 10 years in the refinery. The alpha activity 
was 17 dpm in 6 mgm of ashed lung tissue. Based on the assump- 
tions that the ashed weight of the lungs was 5 percent of the 
wet weight and that the total wet weight of the lungs was 1000 
gus, the radiation dose to the lungs was estimated to be 0.2 
rads per week. The total thorium content of the lungs was 
derived from the alpha activity in the ashed lung tissue. It 
was estimated that 110 mgm of thorium were homogenously 
distributed throughout the lungs of this worker. The radiation 
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dose to the lungs from 110 mgm of thorium was estimated to be 


about 0.03 rads per week, based on the assumptions of Hursh 


et al.?4 or about one-seventh the radiation dose estimated by 


Albert et al. 


Evans! 


has estimated that about 0.2 percent of the thoron 
produced from mesothorium in the skeletons of the luminous dial 
workers is exhaled. It was calculated that 7 minutes is the 
time required for thoron atoms to move from the skeleton to be 
exhaled. This seven-minute travel time of thoron atoms produced 
in bone may be longer than would be necessary for the thoron 
atoms produced in the liver, spleen and bone marrow to be 
transferred to the lungs and exhaled. It is reasonable to 
expect that the percent of thoron exhaled will lie somewhere 
within the range of estimates made by Mitchell and Evans. If 
we assume that 1 percent of the thoron is exhaled then the 
radiation dose to the lungs of the patients with 75 cc of 
thorotrast would be about 1 rad per week based on Mitchell's 
estimates. Based on present information it would seem that 
the most reasonable estimates of radiation dose to the lungs 
of thorotrast patients who had received 75 cc of thorotrast 
would be about 1 rad per week. 


E. Carcinogenesis 


Marked proliferation of connective tissue has been found 
around the extravasation of thorotrast in the neck and arms of 
some of the thorotrast patients. Considerable quantities of 
thorotrast are concentrated in relatively small volumes following 
injection into ducts, sinuses, etc. Nine tumors have been 
reported which have developed at the sites of local injection 
of thorotrast, ' 7219237149 5855102105, 1094150 The tumors were 


found in the maxillary sinus, neck, breast, kidney, bronchus 
and eyelid. The time from administration until the occurrence 
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of the tumor ranged from 6 to 35 years. Extremely dense and 

hard indurated masses form around these areas of extravasation. 
Only one malignant tumor has been reported to arise in these 

soft tissue masses 6 years after thorotrast administration. 

A fibrous sarcoma developed in a patient at the site of injection 
in the cervical region. Following incomplete removal, the 
patient died 2 years later from generalized metasteses. °° 
Another patient was found to have an adenocarcinoma of the 


head of the pancreas and a hypernephroma of the kidney. '26 


Both 
carcinomata were in the region of a large deposit of thorotrast 
in the regional lymph nodes. The patient, age 70 years, had been 
given thorotrast for an arteriogram following intermittent 
claudication 13 years previously. 

Abrahamson et _al.' found a bilateral alveolar—cell 
carcinomata in the lungs of a patient who had received 75 cc* 
of thorotrast 16 years prior to death. The author discusses 
the unique characteristics of the tumor and suggests that a 
relationship might exist between the presence of thorotrast and 
the induction of the neoplasm. 

Twenty cases of primary hepatic tumors have been reported 
in patients who had been given thorotrast. Ten of these cases 
had either carcinoma of the liver or bile ducts, 12991155140,47, 
16,80 ,82,94,117 Five of the twenty patients were given 
thorotrast for outlining the liver and spleen. In most of 
these cases thorotrast was given in attempts to diagnose 
hepatic disease. The contribution of cirrhosis resulting from 
hepatic disease would have to be taken into consideration in 
the evaluation of the cause of tumor induction. The frequency 


of primary hepatocellular and cholangiocellular tumors reported 


by lunseth®? is 0.33 percent of 26,410 autopsies performed at 


the Cook County Hospital between 1919 and 1950. The incidence 
of these tumors increased in the older age groups, therefore 
adequate control studies would be necessary to conclusively 
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establish a relationship between thorotrast administration and 
hepatocellular and cholangiocellular tumors. 

The most significant finding in regard to tumor induction 
in man are neoplasms of the liver of mesodermal origin. Nine 
cases have been reported, ©/?29150 951 168,71 584,92, 120 One! 139115 
and presumably two hepatic tumors of mesodermal origin in this 
series of 35 cases, the experimental production of similar 
tumors in animals Johansen?©?9® Guimaraes, Lamerton, and 


22,41,42 Swarm, '19 Zeihofer and Speiser'°9 is 


Christensen, 
considered to be sufficient evidence to establish a relationship 
between thorotrast administration and tumor induction in man. 
Based on the present available information it would appear that 
an almost thorotrast specific tumor is developing. Stout! 14 
reports that these tumors are extremely rare. In 1956 Baker 
et ar.'' found only 25 cases of primary hepatic tumors of 
mesodermal origin in a review of the literature. 

The estimated accumulated radiation dose to the liver in 
the thorotrast patients who developed Kupfer cell sarcomas of 
the liver was compared with the estimated accumulated radiation 
dose to the skeleton in the radium patients who developed 
sarcomas. The mean latent period in the five radium patients 
63 


was 23 + 4 years. The mean accumulated radiation dose in 
the five patients was estimated to be in the order of 4000 rads. 
The lowest estimated accumulated radiation dose to bone to 
induce a tumor was in the order of 1000 rads. The mean latent 
period in 8 of the 10 thorotrast patients with reticulo-sarcomas 
was 15 +7 years, and the mean estimated accumulated radiation 
dose in 15 years was in the order of 1000 rads based on the 


estimates of Rundo , !98 and 1,500 based on the estimates of 


Hursh et al.?4 The average accumulated radiation dose to the 


liver of the patient who developed a tumor 3 years after the 
administration of 20 cc of thorotrast was estimated to be about 
100 rads. 
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The question of the induction of reticulo-sarcomas of the 
liver by thorotrast will have to be re-evaluated as a result of 
a recent report of the occurrence of 3 similar hepatic tumors 
in 25 patients with chronic arsenic poisoning reported by 
Roth. 2° This report raises the question of the contribution 
of the presence of thorium, as well as the radiation from the 
decay of the daughter products of the thorium decay series, to 
the production of the tumors. Are these rare hepatic tumors in 
thorotrast patients radiation induced, or chemically induced, 
or a combination of chemical and radiation effects ? 


F. Clinical Follow-Up Studies 


In 1942 a 10 year follow-up study of 286 patients given 


thorotrast was carried out by Yater and Coe. 128 It 


was found 
that 189 patients were dead, and 67 patients were unable to be 
located. There were no deleterious effects which could be 
attributed to thorotrast administration noted in the 30 patients 
examined. The list of patients of Yater and Coe was used in 

the location of some of the patients in these studies. Results 
of the clinical examination and laboratory findings of the study 
of Yater and Coe are given in Tables 2 and 3, along with the 
clinical examination and laboratory findings of this study. 

A summary of the pertinent results of the principle 
thorotrast follow-up studies made over the past 30 years is 
given in Table 8 In the earlier studies no deleterious effects 
attributable to thorotrast could be found. Recent studies, 
however, show that local and general effects from thorotrast 
are beginning to occur. The rour rollow-up studies published 
recently illustrate the need for evaluation of large unbiased 
groups of patients to obtain a true clinical picture of the 
late effects of thorotrast. For example, the results of the 


study of Fruhling et al. © would seem to indicate that the late 


42165 O—59—vol. 323 
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deleterious effects from thorotrast are more severe than the 
study of Johansen, Backer, Rundo and Faber? ? 102301571104 and 

the study of Berrett and MacRay'4 would indicate. These recent 
follow-up studies indicate that the number of deleterious 
effects which can be detected by present methods of clinical 
evaluation and specifically attributed to thorotrast have been 
small. However, these studies demonstrate the inadequacy of our 

















present clinical methods for detecting the deleterious effects 
of thorotrast. It is evident from pathological studies that 

considerable destruction has occurred in some of the organs in 
which thorotrast is deposited; yet, the clinical methods now 
available cannot properly evaluate the reduction in function 
caused by the destruction of the parachyma of the involved 
organs. For example, it is well known that clinical tests now 
available cannot detect abnormalities until a major part of the 





liver is destroyed. The bromsulphalein test is one of the most 





widely used clinical tests for the detection of damage from 
62 





diffuse and chronic liver disease. 





Lichtmann in his discussion 





of hepatic function tests states that the test is most likely to 
yield positive results where liver damage is diffuse and 








extensive (e.g., portal cirrhosis, bilary cirrhosis). The 
inadequacies inherent in our present methods of clinical evalua- 


tion apply not only to the evaluation of the thorotrast patients, 















but to the clinical effects of radiation in general. The 
inadequacy of our criteria for determining our present maximum 
permissible concentrations for radioelements and radiation in 


general is primarily the result of this lack of sensitivity of 





clinical tests to detect radiation damage. In most instances, 
we do not have at present satisfactory methods for determining 


the extent of reduction of organ function before the tests 






become positive. Moreover, the combined effects of thorotrast 





and intercurrent disease processes may act synergistically to 
produce far greater effects than either the disease or thorotrast 
acting independently. 
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SUMMARY AND CONCLUSIONS 


1. The status of 35 patients who received thorotrast 
has been determined. There were relatively few deleterious 
effects directly attributable to thorotrast in these patients. 
The reports of the deleterious effects of thorotrast, since its 
first use in 1928, have been very small. 


2. The occurrence of one, and presumably two, rare 
hepatic tumors of mesodermal origin in this series of 35 
patients, and the reports of 9 additional tumors in the 
literature indicates that a relationship exists between 
thorotrast administration and hepatic tumor induction in man. 
It would seem that these hepatic tumors will emerge as the 
predominant tumor in thorotrast patients, as bone tumors have 
emerged as the predominant tumor in the luminous dial workers 
and people who received radium medically. The mean accumulated 
radiation dose to the liver in eight of these patients during 
the 15 year latent period was estimated to be in the order of 
1000 rads. The lowest estimated accumulated dose of a patient 
who developed a hepatic tumor was in the order of 100 rads. 


3. The question of whether the tumor induction in the 


thorotrast patients is the result of the presence of thoriun, 


a result of radiation from the thorium decay series, or a 
combination of both must, in the last analysis, await a better 
understanding of chemical and radiation carcinogenesis. 

Similar tumors have been found in vineyard workers with chronic 


arsenic poisoning. 


4. The combined microscopic, laboratory, and clinical 
studies have demonstrated the inadequacy of our present clinical 
and laboratory methods for detecting the deleterious effects of 
thorotrast as well as radiation in general. The spleens of 


some patients were almost completely destroyed, yet no means 
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are presently available to evaluate the effects of this 


destruction. 


5. The mean age of 13 of the 35 patients who have died 
was 62 years. Because of the small number of patients and 
the inability to evaluate the contribution of the disease 
process, no attempt was made to determine if life span shorten- 
ing was caused by thorotrast. However, the marked destruction 
of organs which is undetected by our present means of examination 
suggests that reduction in organ function may contribute to a 
reduction in life span. Moreover, a more specific mode of 
evaluation of life span shortening might be accomplished by the 


evaluation of the contribution of the effects of reduced organ 
function. 


6. One of the great difficulties in the proper evaluation 
of clinical changes produced by small amounts of radiation is 
the determination of the validity of results. Since thorotrast 
was widely used in the United States, coordinated follow-up 
studies in medical centers on a nation-wide basis would be an 
effective means of obtaining information about the effects of 
thorotrast on hundreds of patients. In addition, the national 
organization of a follow-up study would permit the incorporation 
of similar studies within its framework. Furthermore, the 
availability of a large source of clinical material should 
facilitate the study of the mechanism of radiation induced 


somatic, neoplastic and genetic changes in man.* 





* Preliminary discussions concerning a national follow-up 
study have been held with the Medical Sciences Division of 
the National Research Council, the U.S. Public Health 
Service, U.S. Atomic nergy Commission, the Veteran 


Administration and the Medical Department of the United 
States Navy. 
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TABLE 2 


THORIUM AND RADIUM ISOTOPE DISTRIBUTION 
FOU.LOWING THOROTRAST AIMINISTRATION 










THORIUM * RADIUM ISOTOPES ** 







(Mgm. Thorium per Gram) Counts per minute per Gram 
( Alpha-Activity) 


(Ash Weight) 






(Ash Weight) 



























Patient Patient Patient 
M.H. As De M.H. A.D. 
(17 days) (19 years) (17 days) (19 years) 






ed 


1,638 1,046 
(Penne) 
0.0 0.0 Shaft 24 
(Femr) 
0.008 0.003 Shaft 4 
(Tibia) 


(Patient M.H. received 72 cc of thorotrast and Patient 
A.D. received 75 cc of thorotrast). 





*  Hursh, Stedman, Looney & Colodzin (1957) 4 
** Looney & Colodzin (1955) ®7 





Time of Time of 
Initials - - 1954 Retention Initials Age - L Retention 
years (years) years (years) 
° R.B. 
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RAR BG 


AGE (1954) AND PERIOD OF THOROTRAST RETENTION 


Group I Group II 


Patients who had Procedures Patients who had Procedures 
usually requiring from 15 cc usually requiring from 60 cc 
to 25 cc of thorotrast to 75 ce of thorotrast 


14 
(49 days) 

23 

20 

19 

14 





Mean 44+ 11 15.6 + 5.7 Mean 58 + 15.7 14.5 + 6.8 


Data in parentheses omitted in calculation of mean values. 








Table 4 
QRouP | 
PROCEDURES WHICH USUALLY REQUIRED 
FROM 18-26ec OF THOROTRAST 
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Table ¢—Continued 





GROUP ! 
PROCEDURES WHICH USUALLY REQUIRED 
FROM 18-38cc OF THOROTRAST 
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Table 5 


GROUP 58 
PROCEDURES WMICM USUALLY REQUIRED 


FROM 60-Técc OF THOROTRAST 
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Reported | Patients 


: 


1942 


TAB 


R.& 


THOROTRAST FOLLOW-UP STUDIES 


No deleterious 
effects found 


No deleterious 
effects found 


Two cases of 
malignant tumors 
of liver, and 1 
leukemia 


1 hemangio- 
endothelioma of 
liver. Indura- 
tion at site of 
injection in 4 
patients. Minor 
hematological 
changes 


1 endothelial cell 
sarcoma of liver. 
1 primary hepatoma 
of liver. 

1 carcinoma 
maxillary sinus. 

9 of 12 patients 
studied less than 
4 million erthro- 
cytes per mm 


3 patients dead 
from malignant 
disease other than 
that for which 
thorotrast given 
(i.e. carcinoma of 
stomach, mouth and 
lung). None consid- 
ered to be related 
to thorotrast. 
Hematological 
studies on 26 
patients showed 
only low lymphocyte 


counts in 2 patients 


Investigator 


Yater and Coe 
(128) 


Johansen, 
Backer, Rundo 
& Faber 

(10 ,30,57,104) 


Looney, Hursh, 


Colodzin and 
Stedman 
(64,67) 


Fruhling, Gros 
and Batzen- 
schlager 

(36) 


Berrett and 
McRae 
(14) 


Comments 


3.5 year follow-up. 
100 patients dead 
from primary disease, 
32 patients unable to 
trace. 43 patients 
living and apparently 
unaffected 


10 year follow-up. 
189 patients dead. 
67 patients unable 
to trace. 

30 patients examined 


Questionnaires sent 
to 132 radiologists 


Retention approxin- 
ately 15 years. 

14 patients dead. 
Mean age at death 
62 years 


Mean retention 
approximately 10 
years. 

12 patients dead 


Follow-up of 136 
patients who had 
carotid arteriograms 
between 1934 and 
1950. Bvaluation of 
134. 66 now dead. 
None attributable to 
complications of 
thorotrast 
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Mice, Men, and Fallout 


The potential danger of strontium-90 is appraised 


on the basis of data from animal experiments. 


During the past few years a great deal 
of effort has been devoted to discovering 
how much radioactive debris has settled 
upon the earth and how much more will 
probably be added as a result of the 
nuclear weapons already tested and likely 
to be tested in the future. Even more 
effort has gone into researches to learn 
what proportion of this material will be- 
come incorporated in living things and 
how damaging it will be to plants, ani- 
mals, and man. In addition to these 
studies, there have been many arm-chair 
predictions about the numbers of abnor- 
mal infants that will be produced each 
year, the numbers of people who will 
die of leukemia and bone tumors, and 
the numbers of years our lives will be 
shortened because of radioactive con- 
tamination. Some of these predictions 
have been made by well-known and re- 
spected scientists, physicians, and states- 
men. Consequently, they have gained 
wide acceptance, and it is generally be- 
lieved that thousands of individuals 
throughout the world are doomed be- 
cause of the present level of radioactive 
fallout. It is appropriate at this time to 
examine critically the bases of these pre- 
dictions and to analyze some of the avail- 
able data relevant to the problem of the 
dangers of small amounts of radioactive 
materials. 

It is not my purpose either to condemn 
future weapon testing or to nod approval 
to those who wish to try for bigger and 
better bombs. Problems in the realm of 
national policy and international rela- 
tions must be judged by those who have 
access to the total necessary information, 
and the laboratory scientist is not likely 
to be included in this group, However, 
the laboratory scientist does have a duty 
to report the facts as he finds them, and 
there is a growing body of data upon 
which an evaluation of the potential haz- 
ards of radioactive fallout can be based. 

It has been established beyond any 
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possible doubt that irradiation, either 
from external sources or from radioiso- 
topes within the body, can be dangerous. 
The manifestations and degree of dam- 
age depend upon many factors, such as 
the type and energy of the rays, the dur- 
ation of exposure, and the portion of the 
body involved. In general terms, the 
major response of the total animal to 
high levels of irradiation is acute radi- 
ation disease and early dea’ At lov 
levels, tumor induction and sh. rte. ng vf 
life are the major signs of damage. In 
order to assess the dangers of fallout, it 
is necessary to know what happens at 
very, very low levels. Such information 
is completely lacking for man, and it 
is not easily obtained for experimental 
animals, Consequently, most predictions 
have been based upon extrapolations 
from the effects of higher levels of irra- 
diation. These extrapolations involve two 
major assumptions. The first is that a 
linear relationship exists between the size 
of the dose and the magnitude of the re- 
sponse, so that only a segment of the 
curve requires experimental verification 
for accurate projecting of the entire 
curve. The second assumption is that no 
dose is so small that it has no effect. 
Once these premises have been accepted, 
the task becomes one of collecting all 
the cases displaying a particular result of 
irradiation, estimating the doses that pro- 
duced these cases, and plotting response 
against dose in such a way that the origin 
of the extrapolated curve is zero on both 
scales, as has been done in Fig. 1, curve 
A. Curve B in Fig. | is a variation of 
curve A with the added complication of 
“background noise.” However, curve C 
is an equally valid representation of these 
hypothetical data. Contrary to the other 
two curves, it assumes that a measure- 
able response does not occur until a cer- 
tain threshold dose has been exceeded. 
The method of thoughtful guessing 
from a little knowledge is often the only 


possible approach to a problem, and the 
answers it provides are useful as long as 
they are qualified by the uncertainties of 
the assumptions that were made. How. 
ever, the fact that many conclusions con. 
cerning the dangers of fallout are based 
upon incomplete data, partial curves, 
and speculations of this kind is often 
ignored. 

There are other ways of estimating the 
human hazards of radioactive contami- 
nation. The usefulness of animal experi- 
mentation was recognized in the early 
days of the Manhattan Project (/), and 
such investigations have been under way 
since the products of nuclear fission first 
became available for biological study. 
Two major approaches have been used. 
The first takes advantage of the substan. 
tial fund of information on radium poi- 
soning in man. It has assumed that the 
ratio of toxicities of any radioisotope 
relative to radium should be approxi- 
mately the same in the experimental ani- 
mal and in man if appropriate correc- 
tions for differences in retention, life 
span, size, and other factors are applied. 
The second approach has involved test- 
ing the same isotope in different species, 
The resulting correlations between tox- 
icity and the various species character- 
istics then serve as a basis for extrapola- 
tion to an animal such as man. 

Unfortunately, investigations of the 
long-term effects of small amounts of 
toxic agents require a great deal of time, 
the minimum interval for a complete 
study being the length of life of the 
longest survivor. Definitive answers from 
animal experimentation on fission-prod- 
uct toxicity are not yet available, but 
the data that have been accumulated 
during the past 14 years provide a rea- 
sonably sound basis for a few predictions 
about the dangers of human contamina- 
tion “with many radioactive materials, 
Since the greatest interest now centers 
around strontium-90 fallout from nuclear 
weapons, the remainder of this article 
deals with some of the laboratory data 
on the toxicity of this isotope. These 
studies (2) are concerned with the effects 
upon the exposed generation only. 


Experimental Rationale and Methods 


The most useful criteria of radiation 
damage to the mammalian organism asa 
whole are decrease in life span and in- 
crease in the incidence of certain tumors. 
These changes can be accurately meat 
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yred and evaluated only when large 
populations are observed during their 
entire life span. The laboratory mouse 
is well suited to this type of experimen- 
tation because hundreds of animals can 
be maintained in a relatively small space, 
and strains with a high degree of genetic 
and physiologic uniformity can be ob- 
tained in large numbers. In addition, 
since the average mouse lives less than 
two years, mortality and morbidity data 
become available within a reasonably 
short time. However, some of the same 
characteristics that make the mouse so 
useful for long-term radiotoxicity studies 
render direct extrapolation of the data 
to man impossible. Consequently, infor- 
mation on larger and longer-lived ani- 
mals is essential to bridge the extreme 
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Fig. 1. Possible extrapolations from hypo- 
thetical data. (Curve A) This method, the 
one usually employed, assumes that the 
origin of the dose-response curve is at 
zero on both the ordinate and the abcissa. 
(Curve B) This method also assumes that 
there is no threshold, but it adds a normal 
background incidence that prevents an 
origin at zero on the ordinate. (Curve C) 
This is an equally acceptable extrapolation 
from the meager data presented, which 
assumes that there is a threshold dose that 
must be exceeded before the response is 
manifest. 
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Fig. 2. Average survival time, or life ex- 
pectancy at the time of injection, plotted 
asa function or dose. 
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differences that exist between mouse and 
man. 

Human contamination with radio- 
strontium will occur primarily through 
ingestion, but the effective dose at low 
levels is expected to be that which be- 
comes incorporated in the skeleton rather 
than that which passes through the gas- 
trointestinal tract. Therefore, difficulties 
in the general application of animal data 
as a result of interspecific differences in 
absorption characteristics can be mini- 
mized by administering the isotope intra- 
venously. Appropriate corrections based 
upon absorption factors can then be ap- 
plied when particular exposure situations 
are being evaluated. Another difference 
between human contamination from fall- 
out and animal experimentation with in- 
travenous injection is the length of time 
during which exposure continues. In the 
former case the body burden is increased 
gradually; in the latter case the initial 
amount of strontium-90 in the body may 
exceed the amount eventually retained 
in the skeleton by a factor of 10. Pro- 
longed exposure also leads to a more 
uniform distribution of radiostrontium 
within the bones, The effects of both the 
high initial dose rate and the degree of 
uniformity of deposition are currently 
being studied in experiments involving 
several fractionated dose regimens. 

Briefly, then, the mouse is providing 
basic, statistically reliable information on 
decrease in life span and increase in the 
incidence of certain tumors after a sin- 
gle, intravenous injection of strontium- 
90. These data are being supplemented 
by mouse experiments in which the route 
and duration of exposure are varied and 
by experiments on larger, longer-lived 
animals, such as cats and dogs. 

The plan of the strontium-90 toxicity 
experiment is given in Table 1. At high 
levels only a few animals were used, be- 
cause the effects were expected to appear 
rapidly and to be unequivocal; at low 
levels many animals were required, be- 
cause the effects were expected to appear 
late, to be less diagnostic of radiation 
damage, and to require statistical test- 
ing. It was intended that the highest dose 
should reach or exceed the amount nec- 
essary to kill 50 percent of the popula- 
tion in 30 days and that the lowest dose 
should be so low that the treatedjanimals 
would be indistinguishable from the con- 
trols. The lowest injected dose, 1.3 uc/ 
kg, resulted in a body burden of approxi- 
mately 0.14 wc/kg at 600 days. This is 
roughly equivalent to 10 wc in a 70-kg 
man, or to ten times the currently ac- 
cepted maximum permissible level for 
personnel engaged in atomic energy 
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work and to 100 times the level set for 
the general population (3). 

Young adult female mice (strain CF 
No. 1) were randomized into the perma- 
nent experimental groups | week before 
injection. Dosage was based upon the 
average weight of the entire population. 
Postinjection routine included daily ob- 
servation of all animals and the sacrifice 
of moribund mice with Nembutal after 
a peripheral blood sample had been with- 
drawn. Autopsy was followed by x-ray 
examination of the entire skeleton and 
by histologic study of a number of tissues. 
All organs with grossly visible lesions and 
all bones with roentgenographically de- 
tected abnormalities were added to the 
tissues regularly taken for histopathology. 


Results 


In Fig. 2 the average survival time 
has been plotted against dose on a dou- 
ble-logarithmic grid. At dosages of from 
1.3 through 88 wc/kg, the treated ani- 
mals died, on the average, a littie sooner 
than the control animals, but their deaths 
were not associated obviously with any 
particular disease. At dosages of from 
200 through 2200 uc/kg, the primary 
cause of death was neoplastic disease; at 
higher dosages it was subacute and acute 
irradiation disease. The values at 1.3, 4.5, 
and 8.9 wc/kg are not significantly dif- 
ferent from the control value. It was cal- 
culated that a difference as small as 
that noted at the lowest dose would 
be significant at the 1-percent confidence 


Table 1. Plan of the strontium-90 toxicity 
experiment. Female mice, strain CF No. 1, 
received a single, intravenous injection of 
an isotonic equilibrium mixture of stron- 
tium-90 and yttrium-90 chloride, at pH 5 
to 6, when they were approximately 70 
days old. 


In- 
No. : Body 
Group cf ‘et puntos? 


dose 
(nc/kg) (uc/kg) 
15 9330 1026 
30 7000 770 
45 4500 495 
30 2200 242 
45 880 97 
45 440 48 
60 200 22 
75 88 9.7 
90 44 48 
105 8.9 1.0 
120 45 0.5 
150 1.3 0.14 
150 0 0 
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trol mice. 
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Fig. 3. Effect of strontium-90 on life ex- 
pectancy and on incidence of tumors of 
bone and blood-forming tissues. The points 
within the shaded area are not statistically 
significantly different from the control 
values ; the shaded area represents nonsig- 
nificance at the 10-percent probability 
level or higher by the ¢ test. (Curve A) 
Percentage decrease in average survival 
time (life expectancy at start of experi- 
ment) compared with average survival 
time of the controls. (Curve B) inci- 
dence of animals with osteogenic sarcomas 
among 150-day survivors. The incidence 
among the control population was 2 per- 
cent. (Curve C) Percentage decrease in 
time to a 20-percent incidence of reticular 
tissue tumors compared with the 20-per- 
cent incidence time of the controls. 


level if it had been based upon 1393 
treated animals compared with the same 
number of controls, or almost ten times 
as many mice as were used to establish 
these points. This calculation, which is 
based on the assumption of unchanged 
variability in a larger population, empha- 
sizes one reason why definitive data at 
very low levels are difficult to obtain 
The lowest injected dose that resulted in 
a statistically significant decrease in life 
span was 44 uc/kg. These mice had a 
retained dose of approximately 5 uc/kg, 
which corresponds to 350 wc per 70-kg 
man, or to 350 times the maximum per- 
missible body burden for people engaged 
in atomic energy work and to 3500 times 
the level set for the general population 
In Fig. 3, curve A illustrates the per- 
centage decrease in average survival 
time, compared with the average sur- 
vival time of the control population, 
plotted against the logarithm of the dose 
Even though the animals that received 
44 we/kg showed a statistically signifi- 
cant decrease in life span, those that re- 
ceived 88 pc/kg did not. This peculiar 
result was due in part to the fact that 
the two longest survivors in the entire 
experiment belonged to this group. 


Various tumors that might be attrib- 
uted to strontium-90 appeared in and 
around bone. There was a pronounced 
association between dose and both osteo- 
genic sarcomas and hemangioendotheli- 
omas of bone marrow, and there was a 
suggested association between dose and 
epidermoid carcinomas of the oral cav- 
ity. Fibrosarcomas adjacent to bone and 
benign skeletal tumors were not influ- 
enced by radiostrontium, except insofar 
as their total incidence was lower at lev- 
els that decreased survival time substan- 
tially. The proportions of animals that 
survived the latent period of 150 days 
and then died with osteogenic sarcomas 
are shown in Fig. 3, curve B. There were 
three osteogenic sarcomas among the 
control mice, an incidence of 2 percent. 
The lowest injected dose that resulted in 
a significantly higher number of osteo- 
genic sarcomas was 200 yc/kg. This dose 
is almost five times larger than the low- 
est level that resulted in a significant dif- 
ference in survival. At the next lower 
dose (88 wc/kg) there were twice as 
many tumors as in the control group, but 
the probability that this was due to 
chance was 30 to 50 percent, as deter- 
mined by the ¢ test. At 44 uc/kg there 
were three times as many tumors, with 
a probability of chance occurrence of 20 
to 30 percent. 

Other neoplasms occurring in the 
mouse that are influenced by irradiation 
are those that show certain similarities 
to the leukemias of man. This group of 
tumors has been designated by a variety 
of names, among which are mouse leu- 
kemias, lymphomas, lymphoid tumors, 
thymic tumors, and reticular tissue tu- 
mors. They involve the blood-forming 
tissues, and they arise primarily in the 
lymph nodes, thymus, spleen, and bone 
marrow. Although the total incidence of 
these tumors was not markedly influ- 
enced by dose in this experiment, they 
appeared much earlier among the ani- 
mals that had received 88 wc/kg or more. 
Therefore, the data were examined fur- 
ther for evidence of a relationship be- 
tween dose and time of death with retic- 
ular tissue tumors. In curve C, Fig. 3, 
the percentage decrease in the number 
of days from injection to the time when 
20 percent of the population had died 
with tumors of the blood-forming tissues 
is plotted against the logarithm of the 
dose. The control animals reached a 20- 
percent incidence 565 days after the 
beginning of the experiment. The two 
lowest points on the curve are not sig- 
nificantly different from the control 
value; the point at 8.9 uc/kg is signifi- 
cant at the 1-percent confidence level. 
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This dose is one-fifth of the lowest dos 
that produced a significant difference in 
life span. It resulted in a body burden of 
approximately | wc/kg, which is roughly 
equivalent to 70 wc/man, or to 70 and 
700 times the currently accepted maxi. 
mum permissible levels for occupational 
and nonoccupational exposure, respec. 
tively. 


Linearity and Threshold 


In spite of the many differences that 
exist between mouse and man, it is mos 
likely that the general laws of radiotoxic- 
ity that apply to the mouse also apply to 
man. The experimental data just pre 
sented provide the best current informa- 
tion on the shape and origin of the dose. 
response curve as measured in the total 
mammalian organism. Since the greatest 
interest concerns low amounts of irradi- 
ation, the data from only the five lowes 
dose levels have been replotted in Fig. 
4 on a rectangular grid in place of the 
semilogarithmic grid used in Fig. 3. The 
latter was necessary in order to include 
the large range of doses in the complete 
experiment; the former is required for 
determinations of linearity. 

None of the curves in Fig. 4 can be 
described by a simple linear function. 
Although the values of the four lowest 
dosage groups in curve A (reduction in 
life span) suggest a direct relationship 
between dose and response, it is not a 
linear one. Since three of these values 


INJECTED OOSE (we /tg) 


Fig. 4. The relationship of dose and re- 
sponse at low levels. Values above the 
shaded area are significantly different 
from the control values. Within the shaded 
area the probability is 10 percent or 
greater that there is no difference between 
the experimental and the control values. 
(Curve A) Percentage reduction in aver- 
age survival time. (Curve B) Incidence 
of animals with osteogenic sarcomas among 
150-day survivors. (Curve C) Percentage 
decrease in time to a 20-percent incidence 
of reticular tissue tumors. 
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are not significantly different from the 
control value, a threshold for the life- 
shortening effect may lie between 4.5 and 
44 wc/kg. However, since the values for 
1.3, 4.5, and 8.9 wc/kg do lie along a 
straight line when plotted semilogarith- 
mically (Fig. 3), it may be argued that 
they represent true departures from the 
value. An extension of this 
straight line crosses the control value at 
0.4 uc/kg 

The incidence of osteogenic sarcomas 
at these five lowest levels did not extend 
beyond the statistical limits of the con- 
trol range, and the data show no trend 
and no indication of any relationship 
between dose and response (Fig. 4, curve 
B). Therefore, a threshold for the in- 
duction of these neoplasms in female 
mice, strain CF No. 1, might lie between 
88 and 200 uc/kg. However, since there 
were two and three times as many tu- 
mors among the animals that received 
88 and 44 uc/kg, respectively, as there 
were among the controls, a threshold 
may actually lie below the latter dose. 
There were not enough animals at these 
levels to permit statistical verification 
of differences as small as those observed 

The three lowest points of the reticu- 
lar tumor curve that were significantly 
different from the control value (at 8.9, 
44, and 88 pc/kg) do lie along a straight 
line (Fig. 4, curve C). The values of the 
dose 1.3 and 4.5 
ue/kg), which did not differ significantly 
from the control value, were examined 
to determine whether they fell within 
the statistical range of an extension of 
this straight line. They were found to lie 
so far beyond this range that there was 
no serious likelihood that they belonged 
to it. If these data do not demonstrate 
that a threshold dose must be exceeded 


control 


two lowest levels 


before there is a measurable change in 
the course of tumors of the blood-form- 
ing tissues in CF No. | female mice, 
they at least show that the dose-response 
curve is not linear. 


Extrapolation to Man 


Since it has not been possible to dem- 
onstrate a linear relationship between 
dose and response, the use of straight- 
line extrapolations from fragmentary 
human data may be very misleading. In 
addition, the evidence that there might 
be a threshold, and consequently a true 
maximum “indifference dose” for patho- 
logic change as measured in the total 
animal, raises serious objection to the 
Practice of extending such lines to an 
origin at zero response and zero dose. 
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Fig. 5. Estimation of the incidence of oste- 
ogenic sarcomas and hemangioendothe- 
liomas of bone marrow in man after an 
injection of 150 we of strontium-90 per 
kilogram. The extrapolations are based 
upon current data involving mice, cats, 
and dogs, and they assume a relationship 
between tumor incidence and body size 
or life span 


Consequently, other methods of estimat- 
ing the human hazard from strontium- 
90 must be used. 

Radium method. Comparisons of tox- 
icity ratios with radium as the common 
denominator between experimental ani- 
mals and man can be applied as follows. 
The lowest injected doses that increased 
the incidence of osteogenic sarcomas in 
CF No. | female mice were 44 ue of 
strontium-90 and 1.2 we of radium-226 
per kilogram (4). This dose of stron- 
tium-90 did not significantly increase the 
incidence of bone tumors related to the 
controls when evaluated by the ¢ test, 
but since it resulted in the appearance 
of bone tumors among 6 percent of the 
treated animals as compared to an inci- 
dence of 2 percent among the controls, 
it was chosen as a probable minimum 
effective dose. These strontium and ra- 
dium doses have a ratio of 37 to 1. The 
largest injected doses tested that did not 
increase the incidence of osteogenic sar- 
comas were 8.9 yc of strontium-90 and 
0.6 we of radium-226 per kilogram. This 
is a ratio of 15 to 1. Thus, at levels in the 
region of minimum effect, radium is 
probably somewhere between 15 and 37 
times as effectual as strontium-90. In a 
recently reported series of radium-con- 
taining human patients, among those 
who were probably exposed to relatively 
pure radium-226 there was one individ- 
ual with a body burden of 0.4 uc who 
had minimal but positive roentgeno- 
graphic evidence of radiation changes 
(5). There were no positive cases at 
among those with body 
burdens uncontaminated with mesotho- 


lower levels 
rium, but most of the patients with from 
0.5 to 1.0 we showed similar, minimal 
lesions. If 0.4 we of radium represents a 
dose of minimum effect in man, appli- 
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cation of the factors 15 and 37, derived 
above, results in the estimate that the 
minimum effective dose of strontium-90 
in man is a body burden of from 6 to 
15 me, 

The comparative toxicology method. 
Another approach involves extending the 
data obtained from a relatively large 
number of mice, through data obtained 
from fewer but larger and longer-lived 
animals, to man. Since the major dam- 
age from strontium-90 is due to the ener- 
getic beta rays of its yttrium-90 daugh- 
ter, and since a large proportion of this 
energy is wasted in an animal as small 
as a mouse, it is expected that the tu- 
mor-producing efficiency of strontium-90 
should increase as the size of the animal 
increases, 

The only experiments involving the 
toxicity of strontium-90 in larger ani- 
mals that have progressed far enough to 
be useful for this purpose are two stud- 
ies including six dogs and six cats that 
lived more than five months after re- 
ceiving 150 wc/kg by a single, intraven- 
ous injection. Three of the five dogs that 
have died had osteogenic sarcomas; the 
sixth is still alive and free of roentgeno- 
graphic evidence of bone disease. Thus, 
the final incidence of malignant bone 
tumors will be 50 or 67 percent. The in- 
cidence among mice at the same injected 
dosage can be estimated to exceed the 
incidence among the control population 
by 9 percent. This figure is based upon 
interpolation between the results ob- 
tained at 88 and 200 uc/kg (Fig. 3). 
When percentages are plotted 
against the logarithm of body weight 

a 35-g mouse and a 10-kg dog) and 
extrapolated to a 70-kg man, tumor in- 
cidences of 63 and 87 percent are ob- 
tained (Fig. 5). When they are plotted 
against the logarithm of life expectancy 


these 


1.6 years for the mouse, 15 years for 
the dog, and 80 years for man), extrapo- 
lation to man gives 80 and 110 percent. 
These incidences divided by the 9 per- 
cent established for the mouse give 
quotients ranging from 7 to 12. There- 
fore, strontium-90 might be from 7 to 12 
times 


more effective 


in man than in 


mice 

Of the six cats that lived beyond the 
latent period for tumor induction, two 
died with osteolytic tumors that have 
been tentatively diagnosed as hemangio- 
endotheliomas of bone, one died with 
roentgenographic evidence of the same 
disease, as yet unverified histologically, 
and three died free of skeletal malig- 
nancies. The incidence of hemangioen- 
dotheliomas among mice at 150 uc/kg 
would be expected to exceed the inci- 
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dence among the control population by 
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6 percent on the basis of the incidences 
at 88 and 200 wc/kg (6). The projected 
incidences for man based upon cats 
weighing 2.5 kg and having a life ex- 
pectancy of 15 years range from 54 ‘o 
84 percent (Fig. 5). These incidences di- 
vided by the 6 percent established for 
the mouse give quotients of from 9 to 14 

These 
through dogs and cats suggest that stron- 
tium-90 is from 7 


extrapolations from mice 
to 14 times as toxic in 
man as in mice. The lowest dose that 
could be shown to have any effect in the 
mouse was 8.9 uc/kg, which decreased 
the time interval to the appearance of 
reticular tissue tumors. This is equiva- 
lent to | we retained per kilogram, or to 
a body burden of 70 we per 70-kg man, 
Dividing this dose by the mouse-to-man 
factor of from 7 to 14 leads to the esti- 
mate that the minimum effective dose 
in man may be a body burden of from 
5 to 10 ue of strontium-90 


Danger from Present 
Fallout Contamination 


Perhaps it is merely coincidence that 
the 6 to 15 pc estimated for the minimum 
effective dose in man based on the ra- 
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dium method of extrapolation and the 
5 to 10 we estimated from the mouse, 
dog, and cat data are so similar. In spite 
of their very tentative nature, these cal- 
culations are presented here to illustrate 
how experimental animal data may be 
used. In the next few years there should 
be additional radium 
toxicity in man, since several hundred 
persons with a possible radium burden 
are currently under investigation. Con- 
sequently, the level of minimum effect 
will be known with greater exactness, 
Also, the dog experiments now in prog- 
ress in several laboratories should pro- 
vide information over a range of doses 
so that extrapolations from mouse 
through dog to man will be possible at 
more than one level. 


information on 


The lowest prediction of a harmful 
dose to man that can be made from 
the present data attaches significance to 
the statistically insignificant differences 
in average survival time at the lowest 
doses in the mouse experiment. The line 
passing through these points intersects 
the control value at an injected dose of 
0.4 wc/kg. This dose is equivalent to a 
retained dose in mice at 600 days of 
0.044 pe/kg, or to a body burden in a 
70-kg man of 3.08 we. If the life-shorten- 
ing factor in going from mouse to man 


is as great as the estimated tumor-induc. 
ing factor—an unlikely assumption for 
several reasons—a threshold value for 
man would lie between 0.22 and 0.44 je 
of strontium-90. A more likely value js 
one that lies between 5 and 15 we, as 
discussed above. In any case, the present 
contamination with strontium-90 from 
fallout is so very much lower than any 
of these levels that it is extremely un 
likely to induce even one bone tumor or 
one case of leukemia. 
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EXTRACT FROM “PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCES” JANUARY 1959 


THE EFFECTS OF STRONTIUM-90 ON MICE* 
By Barctay Kamp AND Linus PAuLING 
CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA, CALIFORNIA 


Communicated November 17, 1958 


On Sept. 19, 1958 there was published in Science a paper by Dr. Miriam P. 
Finkel of Argonne National Laboratory in which she communicated her observa- 
tions on the effects of strontium-90 injected into mice on life expectancy and on 
incidence of tumors of bone and blood-forming tissues.'_ She discussed the question 
of whether or not the effects are proportional to the amount of injected strontium- 
90 at low doses, and reached the conclusion that it is likely that there is a threshold 
with value for man between 5 and 15 ue. (as compared with the present average 
value from fallout, about 0.0002 ye., and the predicted steady-state value from 
fallout for testing of nuclear weapons at the average rate for the past five years, 
about 0.02 we.). Her paper ends with the sentence “In any case, the present 
contamination with strontium-90 from fallout is so very much lower than any of 
these levels that it is extremely unlikely to induce even one bone tumor or one case 
of leukemia.” 

On the same day, Sept. 19, 1958, newspapers throughout the United States 
published accounts of this work. For example, the Pasadena (Calif.) Star-News 
contained an article with the headline ‘“Tests on Mice Show Fallout Safe” and the 
first sentence, ‘“‘A woman researcher says tests on mice show that the present fallout 
from nuclear weapons tests will not produce a single case of bone cancer or leukemia 
in humans.” The New York Times published accounts of the work on both Sep- 
tember 19 and September 28. 

We have made an analysis of Dr. Finkel’s data that shows that she had no justi- 
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fication whatever for her concluding statement. All of her data are compatible 
with a zero threshold for strontium-90. Moreover, the statistical analysis shows 
that in order for Dr. Finkel to have been justified with 90 per cent confidence 
(10 per cent type-II error) in making her concluding statement on the basis of her 
data she would have to have used over 1,000,000,000,000 mice in each of her groups, 
instead of the 150 or less that were used. It is hard for us to understand how 
such a serious error could be made in Dr. Finkel’s argument, leading her to 
publish her seriously misleading statement about this matter of great impor- 
tance. 

The Mice Experiments.—In the studies described by Dr. Finkel young adult 
female mice (strain CF No. 1, about 70 days old) were given a single intravenous 
injection of an isotonic equilibrium mixture of strontium-90 chloride and yttrium-90 
chloride. There were twelve injected groups, ranging in size from 150 mice for the 
group receiving the smallest amount (1.3 we/kg body weight) to 15 for that receiv- 
ing the largest amount (9330 uwe/kg, an amount that caused death of about 50 per 
cent within 30 days). The control group contained 150 mice. The author states 
that there is 11 per cent retention (at 600 days) of the injected radioactive material. 
Report was made of the fractional decrease in average survival time, the incidence 
of animals with osteogenic sarcomas (among 150-day survivors), and the fractional 
decrease in time to a 20 per cent incidence of reticular tissue tumors compared with 
the 20 per cent incidence time of the controls. 

Studies of this sort may be of great value in providing information about the 
probable amount of damage done to human beings by exposure to high-energy 
radiation, such as that from strontium-90 produced by nuclear weapons. It is 
important that the analysis of the experimental results be carried out correctly. 
We have found that in the treatment of problems of this sort the assumption that 
the probability of damage is strictly proportional to the amount of radiation ex- 
posure does not in general require that a response such as decrease in life expectancy 
be linear, except over a very small range. Moreover. we have found that this 
assumption together with the theory of statistics can be applied in a reasonably 
straightforward way in the discussion of data such as those obtained by Dr. Finkel, 
as shown in the following sections. 

Analysis of the Experimental Data on Life Shortening.—Our analysis proceeds 
from the hypothesis, induced by Lewis? as a result of his study of the incidence of 
leukemia, that exposure of the bone marrow of an animal to radiation results in an 
increase in the probability per unit time that the animal will die at any time there- 
after, the increase being proportional to the quantity of radiation absorbed. We 
shall suppose that this hypothesis applies to al! of the radiation-induced effects in 
Dr. Finkel’s experiments with mice. 

Let No be the number of animals at the beginning of a given experiment, 
taken to be at t = 0, and let N(t) be the expected number (average for many 
experiments of the same kind) at the later time ¢. Further, let N°(t) be the 


expected number in a ‘‘control’’ experiment in which no strontium-90 is injected, so 
that 
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is the natural specific death-rate function. We denote by a the quantity of stron- 
tium-90, in we/kg body weight, that is retained in the animals. Then our hypothesis 
yields the equation 


dN 


= —NBat — - Nog(t) (1) 


—_ N 
dt N%t) 


where 6 is a constant of proportionality relating the quantity of strontium-90 re- 
tained to the increased probability per unit time that the animals will die, this 
probability of course increasing linearly with time owing to the nearly constant 
irradiation by the decaying strontium-90. 


Let n°(t) = N°(t)/No, so that g(t) = —*%(t). Then on integrating equation (1) 


we obtain 
1 t nt) 
T 4 — ( 2 —_ 
No exp | 9 Bat f n°(0) a| 


Non®(t)e~ ‘/?8a# = Nt)e~" 2) Baul? (2) 


= 


To compare this result with the experimental data we calculate A, the fractional 
decrease in life expectancy (fractional decrease in average survival time after in- 
jection), 


wighs 


to 


where ¢, is the life expectancy for a retained quantity a of strontium-90, 


1 - 
fat ee. N(b)dt 
No Jo ( 
The equation for A is 


1 ” uae 
A ] — n°(tlhe ” dt 
lo Jo 


1° 1 | 
—-,|* Erf ) d b 
| ( 2Ny rf tx/y ) g(t) dt (4b) 


where for simplicity we put y = 5 a8. The result in equation (4b) is obtained by 


an integration by parts, and the error function is defined as 


. 2 = 
. => 4 as 
Erf z ry J e ” dy 


If normally (for a = 0) all animals lived to the age & and then died, so that g(¢) 
were a delta function 6(¢ — t&), then we would have simply 


_ Vx Erf oVy 


wt 5) 
- 2 by ; 
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However. the actual lifetimes scatter with sizable dispersion about & The 
extent of this dispersion can be estimated from the acceptance region A < 0.07 
quoted by Dr. Finkel (Figs. 3 and 4) as appropriate to a test of the hypothesis of 
no difference between the responses of the control population and of a population 
injected with a given dose of strontium-90. If we assume (1) that the test of no 
difference applies to Curve A, the life-shortening data, (2) that the test was one- 
tailed, and (3) that the test accounted for the uncertainty in the mean lifetime of 
the control population and for the uncertainty in the mean lifetime of her group 10, 
the highest-dosed population to fall within the acceptance region (except for the 
“peculiar result’’ for group 8), then we find that the estimated standard deviation 
for g(t) is = 258 days. 

These assumptions are somewhat uncertain, as explained later, but they are the 
best that can be made from the information given in Dr. Finkel’s paper. The 
uncertainty in drawing any conclusions about g(t) from Dr. Finkel’s data lead us to 
take a more general approach. Gompertz discovered that for animal populations 
the logarithm of the “age-specific death rate”’ is closely a linearly increasing func- 
tion of time. For man the age-specific death-rate doubling time is about 8 years. 
Jones* has pointed out that the doubling times for different animal species are ap- 
proximately proportional to the mean life spans for the species. We shall use this 
information to derive a hypothetical death-rate function g(t) for the mouse popu- 
lation used in Dr. Finkel’s experiments. 

The Gompertz law is 


In g(t) = C+ Bt 
which yields 
n(t) = exp [—A(e®™ — 1)] 
where A (= e°/B) is a constant and where B is related to the doubling time rp by 


_mn2 
TD 


B (8) 


A is to be chosen so as to give the correct mean life span: 


x A 
ly = J exp [—A(e® — 1)]dt = e [—Ei(—A)] (9) 


The exponential integral Ei(x) is defined by Jahnke and Emde.‘ If ¢ = 0 is 
taken to be a time shortly after birth, but long enough after birth to exclude infant 
deaths (which are omitted in Gompertz’ treatment), then & is 7, the mean life 
span from birth to death. If then 7'/rp is a constant for al] animal species, we 
find from equations (8) and (9) that A is a constant, independent of species, given 
by the solution of the equation 


e4[—Ei(—A)] = = in? (10) 


Assuming 7’ = 60 years for man, with rp = 8 years, we find A = 0.0032. The 
solution of equation (9) is obtained with the help of the expansion‘ 
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e x? 
—Ei(—z) = —InI'z + 2 - 30 oo 
where [ = 1.781. 
The death-rate function is 


g(t) = AB exp [Bt — A(e®™ — 1)] 


The dispersion of life spans is measured by the standard deviation ¢ of g(t): 


o? = I t2g(t)dt — to? = 2f tn(t)dt — to? 
0 0 


The second expression results from an integration by parts. A numerical integra- 
tion is required to obtain o”, which can most easily be carried out with n°(t) values 
from equation (7). In this way we find from equations (9) and (10), with & = 
that 


o = 0.247 


For Dr. Finkel’s mice, reported to have T = 670 days, we have o = 161 days, in 
rather poor agreement with the value ¢ = 258 days inferred above from her paper. 

In the calculations that follow we have used equations (7) and (10), with the as- 
sumption 7’ = t = 600 days, although actually the mice were about 70 days old 
at the beginning of the experiment. Thus we have used a doubling time rp of 80 
days, and our g(t) has standard deviation ¢ = 141 days. The assumption rp = 
80 days agrees with the value quoted by Jones’ for mice. Values of n°(t) for these 
parameters are given in Table 1. The difference between assuming T = 600 days 
and assuming 7’ = 670 days is not great; in fact, survival curves calculated from 
equation (5), which assumes o = 0, do not differ greatly from curves obtained by 
the more refined procedure that we have used. 


TABLE 1 


t 
(Days) n®(t) 
0 a 1.000 
80 0.997 
160 0.990 
240. y 0.978 
320 0.953 
400 0.908 
480 0.818 
560 0.666 
640 0.443 
720 0.195 
800 0.038 
880. . 0.000 


We proceed now to compare equation (4a), evaluated with the help of equations 
(7) and (10), with the experimental life-shortening data. We assume with Dr. 
Finkel that a = 0.1la* where a* is the injected dose of strontium-90 in ue/kg body 
weight, and we attempt to choose the available parameters so as best to reproduce 
the observed life-shortening data A(a*). There are two parameters: the constant 
8, and the no-dose life-shortening Ao, the latter arising from the fact that we cannot 
give great weight to Dr. Finkel’s zero point because of the statistical uncertainty 
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in the observed mean life span of the control population. Thus the theoretical 
curve to be fitted to the data is 


ify bia 
A(a*) = Ao +1 — ) f ee ae (12) 
0/0 


The inclusion of Ap simply as a constant in equation (12) is not strictly correct: the 
additive term arising from an adjustment of the zero point should be written 
Ao(a*), where Ao(a*) is a somewhat complicated decreasing function of a* that 
tends to zero as a* —» ©. For simplicity, however, we ignore this complication, 
which proves to be unimportant for the Jower radiation levels (a* £ 1000 uc/kg), 
and which in any case does not much change the results obtained, because A, is 
small. 
For very small values of a* equation (12) reduces to 


l @ 
A(a*) Ao + a*® 3 (0.11)8 f nce | 
0 


3 
of (13) 


* a 
Ao + 7 da* lat=0 
This is the linear response region. We can therefore choose preliminary values of 
Ay and 8 by estimating a linear fit to the experimental points at low values of a’. 
The integration in equation (13) is performed numerically, with use of equation (7). 
We have calculated theoretical curves from equation (12) in three steps: (1) For 
a* < 50 wc/kg equation (13) applies; (2) for selected values of a* in the range 50 < 
a* < 1000 we carry out the integration in equation (12) numerically, using time 
intervals At = 80 days; (3) for a* > 1000 it is found that the asymptotic form of 
equation (12) is valid: 


Aa’) = t1-tq = (14) 
to 

Because we wish to examine the result statistically, we adjust the parameters by 
a Weighted least squares procedure. We calculate two theoretical curves y = fo + 
f(x, B:) and y = fo + f(x, B2) (here y is fractional life shortening, A; z is injected 
dose, a*; and fy is the constant Ao) for two nearly correct values 6, and # of the 
parameter 8. We ask for values fo = fo + Afo and B = B, + (Bs — B)6 of the 
parameters such that the weighted sum of the squares of the differences between 
the experimental values y, and the theoretical values y(z,) is a minimum: 


Dw(y: — f(z,.8) — fr)? = min 
Since 62 — 8; is small we can assume that 
f(xs, 8) = F(x, Bi) + (f(x, Be) 7 F(x, 6) 6 
== f(z, Bi) + Afé 


The parameter adjustments Afy and é are then given by 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


(iw, Ay,) (iw, Af?) = (LiwAy, Af) (dw, Af,) 
(Sw, (dow, f,?) 6 (ow, Af,)? 
5. (Liw,Ay, Af.) (Diw,) * (Liw.Ay,) (Dw, Af,) 
(Siw, (dw, Af?) a (dow, df,)? 
where Sy; = yi — fo — f(z:, Bs). 

The weights w, appearing in equations (15) and (17) should be inversely propor- 
tional to the @ priori variances of the experimental values y;. We take the vari- 
ances to be inversely proportional to the number of animals in each experimental 
group. This ignores the effect of radiation in changing the dispersion of life spans, 


but a detailed examination shows it to be a not unreasonable procedure. 
The theoretical curve obtained in the above manner is shown in Figure 1, with 


Afo = 





nyected Dose (uc /hg 
Fic. 1.—Percentage decrease in life expectancy, A, as a func- 
tion of injected dose a* of strontium-90. Solid curve is the theore- 


tical curve calculated from equation (12). Solid circles are the 
experimental values reported by Dr. Finkel. 


the experimental points for comparison. The two points at highest radiation levels 
lie well above the curve, doubtless because the mechanism of life shortening at the 
high radiation levels departs from what we have assumed, owing to the importance 
of subacute and acute irradiation disease, which Dr. Finkel reports to be the pri- 
mary cause of death at injected doses Above 2200 ue/kg. These points make little 
contribution to the least squares parameter adjustment, owing to their low weights, 
and can be omitted without sensibly changing the result. The parameters ob- 
tained are 8 = 1.8 X 10-7 day~* (uc/kg retained)~', and Ay = 2.5 per cent. 

The least-squares-fitted curve can be used to estimate the death-rate standard 
deviation o: for experimental A values of unit weight (taken here to be for the con- 
trol group and “group 12’’), the estimated variance of the experimental A values is 


1 2 . ; 
= ag wile — fo — Sew 8)? (18) 


where m is the number of experimental points. Equation (18) takes into account 
the two-parameter adjustment. If M is the number of animals in groups having 
unit weight, then 
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a = MG,? (19) 


From equations (18) and (19) we find ¢ = 191 days in ease the two highest points 
mentioned above are omitted (¢@ = 222 days in case they are included). Com- 
paring the value 191 days with the value « = 161 days based on the Gompertz 
death-rate curve (670-day life span) and the value ¢ = 258 days inferred from Dr. 
Finkel’s data, we see that the theoretical curve fits the experimental values about 
as well as would be expected from the Gompertz curve, and somewhat better than 
would have been expected on the basis of Dr. Finkel’s acceptance region. 

In Figure 2 there is shown the portion of the theoretical curve for the lower radi- 


60—_——_ — 





400 


nyected Dose (yuc/hg 


Fic. 2.—Percentage decrease in life expectancy in the low-dose 


region of Dr. Finkel’s experiments. Theoretical curve and experi- 
mental points as in Fig. 1. 


ation levels. The curvature is pronounced, and the linear response region is re- 
stricted to injected doses less than about 50 we/kg. Most of Dr. Finkel’s experi- 
ments were carried out in the nonlinear portion of the curve. 

It is interesting to compare the above analysis with an alternative one based on 
the approach developed by Jones,* in which the effect of a given exposure of an 
animal to radiation is regarded as equivalent to an increase in physiological age of 
the animal by an amount proportional to the amount of radiation received. In 
terms of the Gompertz formulation of the natural death rate, this results in the 
case we are considering to the addition of a linear term in ¢ to equation (6): 


1 dN 
In | — —)=(C+Bt Bnat (20) 
n ( N =) + + Bna 


The constant By in this treatment plays a role analogous to the constant 8 used 
previously. 
From equations (3) and (20) we obtain 


A 
—Ei (- - ) 
- 1+ na eA/(itna) 


B+ 1a) 





sed 
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where A = e°/B as before. In practice A is so small that the exponential integral 
can adequately be approximated by the logarithmic term in equation (11): 


A l 
—Ei | — ———} = — + In (1+ s 
i ( ; =) In A n ( na) (22) 


Recognizing from equations (21) and (22) that 


7 a ee 


and making use of equation (8), we obtain 


ah emake ye 


het (23) 
1 + na 


where € = tp/(to In 2) = 1/5. 


By choosing » = 0.014 (ue/kg retained)—', and by adjusting the zero point 
slightly as done previously, we calculate from equation (23) a theoretical curve 
that matches closely the curve calculated from equation (12), which is the curve 
shown in Figures 1 and 2. The discrepancy in A between the two curves is less 
than 0.02 over the range 0 < a* < 3000 uc/kg, and increases to 0.04 at a* = 
9000 ue/kg. The two curves fit the experimental data equally well, as shown by the 
estimates ¢ = 191 days for the curve from equation (12) and ¢ = 189 days for 
equation (23), calculated by the weighted sum-of-squares procedure described pre- 
viously. Life-shortening data, at least of the accuracy involved here, are therefore 
unable to discriminate between the two analytical approaches. 

Analysis of Incidence of Leukemia and Related Diseases.—The experimental data 
on the incidence of diseases of the blood and blood-forming tissues can be analyzed 
in the framework of the above treatment. However, because of the peculiar form 
in which the experimental results are presented (“Curve C: percentage decrease in 
time to a 20 per cent incidence of reticular tissue tumors compared with the 20 per 
cent incidence time of the controls’’), the analysis is subject to greater uncertainties 
and difficulties and the data cannot so readily be evaluated statistically as those 
for the decreased life expectancy. We therefore content ourselves with a somewhat 
sketchy treatment, which should suffice to indicate the general nature of the 
problem. 

Let X(t, a) be the expected number of deaths due to these diseases that have 
occurred by the time ¢ in a population having retained body burden a of strontium- 
90. We may then expect to find a death-rate probability parameter 8, for these 
diseases such that the death rate is 


adr dy) N(t) 

— = N(t)pat + — 

dt ()Biat + dt N°) 
where \o(¢) is the number of deaths due to these diseases expected in the control 
population. To carry the analysis further we need to know the function Ao(¢), but 
unfortunately Dr. Finkel presents no data that enable us to determine it. Of the 
various assumptions that could be made, we have chosen to assume that the nat- 
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ural deaths due to leukemia are distributed as though they were radiation-induced 
according to the same model as the deaths due to radiation from strontium-90, 
The natural leukemia death rate will then be equivalent to a “background” body 
burden ap of strontium-90, and equation (20) becomes 


dx 
at 


= N(t)B,(ao + adt 


Obtaining N(t) from equation (2), we have 


A(t ? /2) Bat? 

Mo) = Bao + a) f n%(t)e~ 0/)a + de 

No “ 

The expected 20 per cent incidence time r is then the implicit solution of 


A *;2 1 
0.118,(a0* + a*) f n%(t)e~ (0-11/2)Ba t t dt ie 5 (24) 
0 


and the expected no-dose 20 per cent incidence time 7» is given by 
7 1 
0.118 ,a0* f n(t)t dt = + (25) 
0 


7) as given by equation (25) is not necessarily the same as the 20 per cent inciderice 
time 7)’ = 565 days observed for the control population. 

To compare the theory with the experimental data we calculate from equation 
(24) the fractional decrease function 1 — r(a*)/7o’. An adequate approximate 
calculation for values of 7 less than about 450 days (1 — 1/70’ > 0.20) can bé made 
by approximating n(t) by a Gaussian e~“”, as shown in Table 1. In this case 
equation (24) becomes 


1 
u + 5 (0.11)Ba* 
0.118,(a* + at) = =—— + (26) 


i — ew (-r(u+ Forms) 


To evaluate the parameters 8, and ao* we have fitted a smooth curve, by eye, to the 
experimental values of 1 — 1r/ro’, and used this curve to pick pairs of values (a*, 
r(a*)) from which the quantity 0.118;,(a.* + a@*) was calculated from equation 
(26). The quantity 0.11 8,a0* was calculated from equation (25) by numerical 
integration, with the assumption 7. = 7’. When plotted against a*, the values 
of 0.11 B,(ao* + a*) calculated in this way lie nicely along a straight line, as re- 
quired by the theory, for values of a* in the range 0 < a* < 1000 uc/kg. Above 
1000 ue/kg the linear relation breaks down, reflecting the fact that the one experi- 
mental value in this higher range, at 2200 uc/kg, lies rather far from the theoretical 
curve. Ignoring this highest value we obtain in this way the parameters 6, = 
0.7 X 10-7 day~? (ue/kg)~! and ao* = 200 ue/kg, from which the theoretical curve 
shown in Figure 3 is calculated. In addition to the point r(0), and the points 
t(a*) calculated from equation (24) over the range of validity of the Gaussian ap- 
proximation, we have calculated the slope of the theoretical curve at a* = 0 from 
the following formula, which can be derived from equation (24): 
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Fic. 3.—Percentage decrease in time to a 20 per cent incidence 
of bone tumors, as a function of injected dose of strontium-90. Solid 
curve is calculated from equation (26). Solid circles are experi- 
mental values reported by Dr. Finkel. 


8 f n°(t)t?dt 
108, 5 he j 2 
d ( i ) [ . n(t)idt 
a = corset ee erent 
a*t=9 


da* T “9 (0.11)6; 


10 yo? 79?n"( ro) 


where yo = '/2(0.11)8,a0*. The ratio of integrals appearing in the second term of 
the numerator in this equation can be shown to have a value close to unity (actually 
1.06). 

A comparison of the parameters 8; = 0.7 X 10-’ and 8 = 1.8 X 1077 suggests 
that of the radiation-induced deaths the fraction due to leukemia and related dis- 
eases in Dr. Finkel’s experiments on mice is rather larger than has been estimated 
for man. A particular sensitivity to these diseases on the part of this strain of 
mice is suggested also by the large ‘‘background dose level’’ ao*, reflecting the rela- 
tively large number of deaths due to these diseases in the control population. 

Statistical Examination of Dr. Finkel’s Conclusions.—In searching for evidence 
for the existence of a threshold body burden of strontium-90, below which no harm- 
ful effects are caused, Dr. Finkel uses two methods: (1) statistical analysis of the 
experimental data, and (2) extrapolation of experimental curves. We now con- 
sider these two methods. 

The statistical analysis consists of a t-test of the hypothesis of no difference in 
response between the control population and a population dosed with strontium-90. 
Dr. Finkel accepts the null hypothesis at the 10 per cent significance level (‘10% 
probability level or higher’’) for the three lowest-dosed experimental groups. and 
considers that this acceptance constitutes “evidence that there might be a thresh- 
old” or that ‘‘a threshold . . . may lie between 4.5 and 44 we/kg.”’ 

It constitutes nothing of the kind. It is clear that the width of the acceptance 
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region for the null hypothesis (shaded region in Figs. 3 and 4 of Dr. Finkel’s paper) 
should vary inversely as the square root of the number of animals in the experimental 
groups, assuming approximate normality of the death-rate curve g(t), as Dr. Finkel 
must have done in applying the t-test. The threshold for which she finds “evidence” 
in the experiments is thus no threshold at all but simply a reflection of the statistical 
uncertainty of her information. It is clear that she could have found “evidence” 
of this sort for a threshold at any arbitrarily large radiation level (perhaps short 
of what would produce acute radiation sickness) by simply using few enough 
animals in her experiments. 

The fallacy in Dr. Finkel’s statistical argument is a failure to control the prob- 
ability of type-I1 error of her test. Type-II error’ is acceptance of the null hypothe- 
sis when it is in fact false. Consideration of the type-II error requires consideration 
of the alternative to the null hypothesis, which in this case is the theoretically likely 
linear response at low doses. If we use for the slope dA/da*|,+=, of the life-short- 
ening response at low doses the value obtained above (eq. [13]) from a study of 
Dr. Finkel’s results, namely, dA/da* = 0.14% (uce/kg)—!, and if we assume that 
Dr. Finkel’s t-test acceptance region is appropriate to a one-tailed test at a* = 8.9 
uc/kg, the highest experimental value for which the null hypothesis was accepted, 
then we can calculate the probability of type-II error. It is 85 per cent. This 
means that if there exists in fact no threshold at 8.9 uwc/kg, Dr. Finkel’s test would 
nevertheless have produced “evidence” for one in 85 experiments out of every 100 
experiments performed. On the other hand, if there were in fact a threshold, the 
test would deny it in only 10 per cent of the experiments. Evidently the test is 
worthless as a proof of the existence of a threshold at this dose level (or lower, for 
which the probability of type-II error approaches the maximum that is possible, 
90 per cent, for a 10 per cent probability of type-I error). 

It is incumbent upon those who would extrapolate their threshold conclusions 
from 150 mice to 3 X 10° human beings that they demonstrate the existence of a 
significant experimental departure from the theoretically likely linear response, 
because although the existing burdens of strontium-90 are low, the number of 
individuals involved is very large, and the harmful consequences of proceeding 
on an unfounded assumption of a threshold are great. As we have shown above, 
Dr. Finkel’s results are in complete harmony with a linear law; in fact, the agree- 
ment between the linear law and the experimental results is better than could have 
been expected on the basis of the width of her null-hypothesis acceptance region. 

As an alternative to the statistical tests, Dr. Finkel determines a threshold by 
extrapolating the experimental life-shortening curve. She states: ‘Since the [life- 
shortening | values for 1.3, 4.5, and 8.9 uwe/kg do lie along a straight line when plotted 
semilogarithmically, it may be argued that they represent true departures from 
the control value. An extension of this straight line crosses the control value at 
0.4 ue/kg.”’ It is difficult to see why the semilog plot rather than some other should 
be used for the extrapolation. But in fact an extrapolation of any kind is ground- 
less. The three response values lie within less than half the range of probable 
error (within —'/, P.E. to +'/. P.E.) of the difference d between experimental 
values of A, as determined from the width of the null-hypothesis acceptance region 
(og = 5.5 per cent). If it is not obvious that no non-zero regression slope deter- 
mined from these points can have any statistical significance, one can show’ that 
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the standard deviation of the regression slope estimator derived from the semi- 
logarithmic plot is 2.2 times the estimated slope itself. If the semilogarithmically 
linear relation of the three points can be ascribed to anything but chance, then all 
of Dr. Finkel’s statistical arguments are false. It is hard to imagine how two such 
mutually contradictory ‘“‘proofs” could be advanced at one time. 

There are other statistical points in Dr. Finkel’s paper that merit scrutiny. In 
our discussion of her results we have had to rely on the correctness of the null- 
hypothesis acceptance region that she presents, but there are serious reasons for 
doubting its correctness. The width of the acceptance region corresponds to the 
estimate ¢ = 284 days for the standard deviation of the death-rate function g(t), 
if it applies to a one-tailed test on the difference between the life-shortening values 
obtained from two experimental groups of 150 animals each. On the other hand, 
Dr. Finkel’s statement® that groups of 1393 animals would have been required to 
establish as significant at the 1 per cent level the difference observed (2.5 per cent) 
at the lowest dose corresponds to ¢ = 171 days, a gross discrepancy. The latter 
value, we note, agrees reasonably with the values ¢ = 161 days from the Gompertz 
relation or ¢ = 191 days from the agreement between experimental data and our 
theoretical curve. 

It is clear that since the number of animals differs from one experimental group 
to another in Dr. Finkel’s experiments, the null-hypothesis acceptance region can- 
not have width independent of injected dose a*, as shown in her figures. From the 
information given there is no way to tell to which experimental groups the test 
appropriately applies. 

More serious is the evident fact that Dr. Finkel applies the same acceptance re- 
gion indiscriminately to the three very different sets of experimental data repre- 
sented by her curves A, B, and C. It seems likely that the test was designed to 
handle the life-shortening data (curve A), because a t-test would not be inappro- 
priate to life-span data, since the death-rate function g(t) is (rather crudely) Gaus- 
sian. A statistical analysis of the curve-C data would be difficult, because the 
experimental statistic 7 (20 per cent incidence time) is cumbersome to handle mathe- 
matically, as is evident in our discussion. But it is easy to show that Dr. Finkel’s 
acceptance region is entirely inapplicable to the curve-B data (“proportion of ani- 
mals that survived the latent period of 150 days and then died with osteogenic 
sarcomas’’). 

The number of bone-cancer deaths in populations of a given size during a given 
time interval will be Poisson-distributed, if we neglect variations in population size 
due to deaths during the first 150 days, which is legitimate, as can be seen from 
Table 1 or from numbers given by Dr. Finkel, which show that the control group 
still contained close to 150 animals at ¢ = 150 days. Whatever the low-dose re- 
gression function for curve B, it is clear from Dr. Finkel’s Figure 4 that the ex- 
pected number & of bone-cancer deaths is close to 3 for groups of 150 animals not 
dosed with strontium-90. To find acceptance regions for the null hypothesis of no 
significant difference in the number of such deaths between the control population 
and a dosed population of equal size we therefore find the value of the difference 5p 


such that the probability of type-I error (one-tailed test) is P: 
ép +2 os 


L-~ Pag. 2.8 (27) 
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The results of a numerical evaluation of equation (27), in case § = 3, are P = 0.10, 
bp = 2.6; P = 0.01, dp = 5; P = 0.001, 5p = 8.5. Using the fact that the observed 
number of control deaths was 3 (2 per cent of 150), we find that the upper limit of 
the acceptance region at 10 per cent significance level is 3.7 per cent of 150. From 
Dr. Finkel’s Figure 4 we therefore see that the highest strontium-90 dose that pro- 
duced a “‘statistically non-significant increase’ in the number of bone-cancer 
deaths is 8.9 ue/kg, not 200 uwe/kg as stated by her. Her acceptance region repre- 
sents for curve B a test having 0.1 per cent probability of type-I error. Her entire 
discussion of the statistical significance of the curve-B data is erroneous. 

The Proper Testing of Evidence for a Threshold.—From the above discussion it is 
clear that a valid statistical test of the null hypothesis of ‘‘no response’’ at a given 
radiation level or a given dose of strontium-90 must use the type-II error as the 
basic parameter, rather than the type-I error, as is employed in the standard “cook 
book” tests, which are designed basically for application to the manufacture of 
goods. Alternatively stated, the null hypothesis that must be tested in the stand- 
ard way is the hypothesis that the observed response values are in accord with a 
linear response curve at low doses. 

Our analysis of Dr. Finkel’s data for mice enables us to estimate reliably the 
linear decrease in life expectancy for low doses of strontium-90, and it is therefore 
possible for us to determine how many animals would have to be used in an experi- 
ment in which the mean lifetime of a control group is compared with the mean 
lifetime of a dosed group in order to establish the existence of a threshold at or 
above the dose used. We may consider two types of test: (A) the “‘minimal” test, 
that is, the test that requires as few animals as possible; (B) the ‘most powerful” 
test, which minimizes the probability both of type-I and of type-II error. 

The null-hypothesis ‘‘no response”’ for test A is to be accepted if the dosed group 
exhibits no decrease in life expectancy, or an actual increase, when compared to the 
control group. Clearly this acceptance region makes the test minimal, because the 
probability of type-I error is 50 per cent, so that the test gives a neutral decision in 
case a threshold actually exists. If the number of animals used is greater than re- 
quired for test A, then a decision as to the existence of a threshold will be more 
often right than wrong, in case that the threshold does actually exist. At the same 
time we can protect ourselves adequately against the serious alternative possibility 
by suitably choosing the type-II error. 

Since the expected decrease in life expectancy for the dosed group is a-dA/da |o, 
the type-I and type-II errors are simultaneously minimized, and made equal, by 
choosing as the upper limit of the acceptance region for test B a decrease in life ex- 
pectancy of '/2a-dA/da|) = 0.63%-a, where a is given in uc/kg retained in the 
body. 

Since the expected decrease is proportional to a, the number of animals M re- 


quired for the control group, if an equal number is used for the dosed group, is given 
by 





ee (28) 
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where » is a constant that depends on the type of test (A or B), on the probability 
of type-II error, and on the standard deviation o of the natural death-rate function 
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g(t). Because M proves in all cases of interest to be large, it is adequate to use the 
normal distribution in computing the constants v in equation (28), owing to the 
Central Limit Theorem. 


TABLE 2 
VALUES OF THE CONSTANT » IN EQuaTION (28) 
Type or Test 
(“Minimal”) (“Most Powerful”) 
@ (daya)i. 06.6025 : Rae cA Ge 284 170 284 170 
10 per cent probability of type-II error 4560 1630 18240 5520 
1 per cent probability of type-II error...... 14950 5360 59800 21440 

Using all of these principles, we have computed the coefficients v for the various 
circumstances shown in Table 2. In particular we compare the results for ¢ = 
284 days, derived from Dr. Finkel’s acceptance region, with the results for ¢ = 170 
days, which seems most reasonable on the basis of the previous discussion. 

The numbers » given in Table 2 are equal to the number of animals in the control 
and in the dosed groups required to establish the existence of a threshold at a* = 
9.1 ue/kg, just above the highest injected dose (8.9 ue/kg) for which Dr. Finkel 
accepted the hypothesis that a threshold exists. The numbers of animals used in 
her experiments were too small by factors of 10 to 400, for the conclusion that she 
reached. By solving equation (28) for a we may compute very simply the lowest 
threshold ar* that could have been recognized with statistical significance in her 
experiments, assuming that 150 animals were used both in the control group and in 
the dosed groups, which in general was not the case (fewer were used). These val- 
ues of ar* are 91 and 54 for test A and 181 and 109 for test B (in each case for 
o = 284 days and 170 days, respectively). It is clear from the experimental data 
that no threshold exists at any of these levels, and accordingly we are required to 
conclude that Dr. Finkel’s data show that there is no threshold large enough to 
have been recognized with statistical significance from her data. 

Conclusions about Effects on Man of Strontium-90 from Fallout.—We now turn to 
the discussion of Dr. Finkel’s conclusion that the present contamination with stron- 
tium-90 from fallout is so very much lower than the “threshold” levels that it is 
extremely unlikely to induce even one bone tumor or one case of leukemia. 

This statement by Dr. Finkel is shown by the argument given above to have no 
justification whatever from her experimental results, obtained with 150 mice or 
fewer in her control group and injected groups. We may ask how many mice 
would be needed in each group in order to permit Dr. Finkel’s statement to be 
made with statistical significance (or to be shown to be false). 

The present average body burden of strontium-90 in the world’s population is 
about 0.0002 we. per person. This corresponds, with Dr. Finkel’s conversion factor 
(5 to 10 we. per 70-kg man equivalent to | ue. retained per kg for mice) to a retained 
dose a = 0.00002 to 0.00004 ue/kg in mice. Hence in order to justify Dr. Finkel’s 
statement evidence would be needed that the mouse threshold is as great as about 
0.00004 ue/kg; that is, we must place a@ in equation (28) equal to 0.00004 ue/kg. 
From the values of the constant v in Table 2 (we use the values for ¢ = 170 days, 
which we believe to be better than those for ¢ = 284 days) we find M = 1 X 10” 
for the ‘‘minimal”’ test and 3.4 X 10" for the “most powerful” test with 10 per cent 
type-II error, and 2.3 X 16}? and 13.5 X 10", respectively, with 1 per cent type-I] 
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error. We hence conclude that a study like that made by Dr. Finkel would have 
to use a much greater number of mice than the number of people in the world, in 
order to provide evidence that would justify her extreme statement to be made 
with statistical significance. 

This conclusion is, of course, not at all unexpected. The difficulty of detecting 
by statistical methods an effect that causes a small increase in the annual number 
of deaths among the world’s population is well known. For example, let us as- 
sume that the average number of deaths per year is 50 million. The statistical 
fluctuations from this average from year to year are measured roughly by the 
square root of this number, 7000; and accordingly a study of a larger population 
would be needed to show with statistical significance the existence of an effect 
resulting in an additional 1000 deaths per year (the rough estimate of the world- 
wide effect of the present body burden of strontium-90 from fallout, if there is no 
threshold). The same number of mice would be needed to test the equivalent 
effect in mice. 

Summary.—We have developed methods of theoretical analysis of the results of 
experimental studies of the effects of injection of radioactive substances into ani- 
mals on their life expectancy and on the incidence of tumors. These methods have 
been applied to the data reported for mice by Dr. Miriam P. Finkel, and it has been 
shown that her conclusion from these data that it is extremely unlikely that the 
strontium-90 from the fallout from nuclear weapons tests will induce even one bone 
tumor or one case of leukemia in human beings is completely unjustified. 


* This paper is a contribution from the Division of the Geological Sciences (No. 908) and the 
Division of Chemistry and Chemical Engineering (No. 2421) of the Institute. A brief account of 
the work has been published by us (Letter to the Editor, The New York Times, Nov. 16, 1958), 
and a reply has been made by Dr. Finkel (ibid., Nov., 30 1958). 
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EXTRACTS FROM “THE LATE EFFECTS OF RADIOACTIVE STRONTIUM 
ON BONE” 


HISTOGENESIS OF BONE TUMORS PRODUCED IN Rats BY HicH Sr™ Dosace 
(By Stanley C. Skoryna, M.D., and David S. Kahn, M.D.) 


SUMMARY AND CONCLUSIONS 





Radioactive strontium (Sr”) was administered intraperitoneally in 6 doses 
at monthly intervals to 160 noninbred rats. The initial dose was 0.9 uc. per 
gm. of body weight; this was followed by 5 doses of 0.7 we per gm. of body 
weight each. The investigation was designed to study the late effects on bone 
of high doses of radioactive strontium. The rat was chosen as the experi- 
mental animal because the growth epiphysis does not close in this species of 
animal. This provided an opportunity to study the effects of radioactive stron- 
tium deposition during relatively active osteogenesis. 

One hundred animals (63 percent) survived the minimal latent period (188 
days), before the first gross tumor was observed ; of these, 89 animals developed 
grossly palpable tumors of the long bones or the spine. Neoplastic changes 
were found, on microscopic exqmination, in all animals surviving the minimal 
latent period. The majority of these animals had pulmonary metastases. 

In addition to the tumors, the basic changes observed were: (1) disturbance 
of osteogenesis; (2) fibrosis of the marrow; and (3) cellular proliferation. 
The changes in the bone were maximal in the metaphysis in relation to the 
epiphyseal cartilage growth, corresponding to the areas of most active osteo- 
genesis. It appears that changes observed were due to a local effect of Sr” 
deposition in the mineral lattice of bone. The histological changes seen at this 
late stage represent the results of several mechanisms: (1) primary effect of 
irradiation; (2) sequelae of mechanical weakening of the area secondary to 
the disturbed osteogenesis; and (3) physiological remodeling sequences in 
response to this nonspecific metaphyseal weakening. 

It is suggested that the bone-seeking isotopes are most dangerous if the 
animal is exposed during a period of relatively active osteogenesis, but not 
rapid turnover, when the isotope would be incorporated into the mineral phase 
and retained for a long period. In humans this would appear to be during the 
final stages of bone growth (i.e., puberty) and during the healing stage of 
fractures. 

Microscopic foci of cellular proliferation in the marrow and neoplastic lesions 
of various sizes were found. It is suggested that the minute foci of proliferat- 
ing cells represent the earliest stages in the development of tumors. The ad- 
vancing edges of larger tumors were undifferentiated and resembled these 
minute foci. All types of osteogenic sarcomas seen in human pathology were 
observed, including the classical osteogenic, osteoid, and telangiectatic types. A 
few tumors showed a primarily chondrosarcomatous or fibrosarcomatous dif- 
ferentiation. 

It is suggested that the factors affecting differentiation of these tumors are 
not necessarily the same as those inducing them—namely, irradiation effects. 
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AN EPIDEMIOLOGICAL STUDY OF CONGENITAL MALFORMATIONS IN NEW YORK STATE: 


THE ASSOCIATION OF ELEVATED MALFORMATION RATES IN MAN WITH RESIDENCE 
IN ARZAS CONTAINING NATURAL bATERIALS WITH RELATIVELY HIGH CONCEITRA- 
TIONS OF RADIOACTIVE ELEMENTS. 


John T. Gentry, M, D., M.P.H. )/ 
Elizabeth Parkhuret, M.Sc. 2/ 
George V. Belin, Jr., M.Sc. 3/ 

Congenital malfcrmation rates, based on information entered on birth and 
death certificates, are higher in certain areas of New York State than in others. 
Available geological data indicate a correlation between areas with high malforma-~ 
tion ratee and geographical locations containing natural materials with relatively 
high concentrations of the radioactive elements. 

The initial clue to this association was uncovered by the senior author in 
1954 after his attention was directed to an "unusually large number of cleft 
palate patients" who were residents of a northern New York county. Information 
obtained from the Office of Vital Statistics of the liew York State Department of 
Health showed relatively high reported rates for all congenital malformations in 
townships within one portion of this county. Data from the Atomic Energy Con- 
mission pertaining to a reconnaissance of radioactive rocks of the Hudson Valley 
and Adirondack Mountains (1) revealed that the townships with a high reported 
malformation rate were located in an area with igneous bedrock outcrops having 
relatively high levels of radioactivity and an average range of equivalent uran- 
ium content between 0.003 and 0.004 percent. 

A review of the reported congenital malformation rates for all townships 


within upstate New York indicated that additional areas with elevated rates 


)/Regional Health Director, New York State Department of Health, Syracuse, New York 
2/Principal Biostatistician, New York State Departrent of Health, Albany, New York 
2/Department of Geology, Syracuse University, Syracuse, New York 
4/Observation by Louis M. DiCarlo, Ed.D., Director, Syracuse University Speech 
and Hearing Center 
5/The term upstate New York is synonomous with New York State, exclusive of New 
York City, and will be used in the material which follows. 
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were located primarily in the Adirondack Mour.tains, Hudson Highlands and portiong 
of the Allegheny Plateau section of southern New York. These areas also contain 
igneous or black shale bedrock having relatively high radioactivity levels (2) 
(3) (4) (5) or glacial deposits of these materials associated with advances and 
retreats of the ice sheets. 

As a result of these leads, an epidemiological study was initiated in upstate 
New York with the following objectives: 

1. Determination of the incidence of congenital malformations reported 
on birth and death certificates by county, city, township and village; 

2, Determination of the type, amount ard distribution of natural materials 
with relatively high concentrations of the radioactive elements; 

3. Determination of the association, if any, between the incidence of 
congenital malformations and the distribution of sich materials; and 

4. Evaluation of the roles which know teratogenics, including radiation, 
may have had in producing congenital malformations within relatively high and low 
malformation rate areas. 

I, THE INCIDENCE OF CONGENITAL MALFORMATIONS. 

A. Number and t f tio 
cates. 

Birth and death certificate information was used exclusively for the purpose 
of compiling congenital malformation data. Information from the Medical 
Rehabilitation (physically handicapped children's) Program in New York State was 
not utilized because of the high degree of selection of cases under the program. 
Stillbirth data were also excluded because of the unreliable nature of the re- 
ported causes of stillbirth. 

The birth certificate used in upstate New York contains on the reverse side 


a confidential medical supplement. Attending physicians are asked to answer a 


number of questions, including "Congenital malformation of infant: No | Yes (} 


if yes, describe". This question is answered in the negative or with a specified 
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anomaly on 90 percent of the certificates. Recorded anomalies are subsequently 
classified by the Office of Vital Statistics as to congenital malformation type 
according to the International Statistical Classification of Diseases, Injuries, 
and Causes of Death. Non-physician deliveries in New York State are for all 
practical purposes non-existent. 

The number of malformations reported on birth certificates is inevitably 
incomplete, since a certificate must be filed not later than five days after 
birth, and some malformations are not diagnosed within this time. For the years 
1948-1955, all certificates of death for children under five years of age, stated 
to have been born in upstate New York, were also available and were matched to 
their corresponding birth certificates. Malformations which were reported only 
on the death certificate were added to those reported on the birth certificates. 

Table 1 shows, for each of the years 1948-1955, the number of live births to 
residents of upstate New York; the number of these births with malformations 
reported on the birth certificates; and the number of children with malformations 
unrecorded at birth but subsequently reported by death certificate. This latter 
information is further differentiated for individuals who at death were under one 
year, or from one to four years of age. The information for the one to four age 
proup is, of course, incomplete for children who were born in 1951-1954 and 
wholly lacking for those born in 1955. 

For the entire period, there were 13,248 births with malformations reported 
by birth certificate, and 3,121 by death certificate only -- a total of 16,369 
individuals, representing an average annual incidence of 13.2 congenital malfor- 


mations per 1,000 live births. 


Table 2 shows the total number of cases for the period 1948-1955 by general 


malformation categories according to whether reported on the birth certificate, 


or by death certificate only. When two or more malformations appeared on the 


birth certificate, the case was allocated to the more serious category. When a 
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child with a malformation reported on its birth certificate died from another 
malformation, it was classified to the malformation reported as the cause of 
death. 

B. 1 tion ¢ i . 

Births recorded Upstate are allocated to the usual place of residence of the 
mother. The 1948-1955 births and recorded malformations were tabulated by 
residence for each city and village over 2,500 population and for each township, 
exclusive of any villages over 2,500 located within the township. Rates per 
1,000 live births were then computed for each of the areas. 

There ise little state-wide difference in the incidence of malformations for 
urban and rural areas. The rates are 12.9 per 1,000 live births for cities over 
10,000, 13.4 for incorporated communities 2,500-10,000, and 13.5 for rural areas, 
In all, 1&6 out of 942 townships have rates of 20.0 or more. These are shown on 
the map in Figure 1. While these are scattered throughout the State, seven 
counties have no township with a rate this high, and 12 counties have only one 
each. In many counties the high rates are in adjacent townships, forming a 
cluster. For example, in St. lawrence County, seven of the eight high rate 
townships are adjoined and are adjacent to the one high rate township in Lewis 
County. Similar clusters are also located in the Adirondack portion of Essex, 
Franklin, Warren and Saratoga counties; in the Catskills; and in the counties of 
the Alleghmy Plateau. All of the counties with no high rate townships lie in 
the Erie-Niagara-Mohawk plain, in the Hudson Valley lowlands and on Long Island. 
mm So OUNT i ¥. TH Y 

ON: OF T » . 


All rocks contain at least minute quantities of the radioactive elements. 
6 


? 


The most important of the naturally occurring radionuclides are cls, x40 na“ 


m>*, u-2® and the decay daughters of the last three nuclides. (6) 
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Rocks containing these materials may cccur as bedrock or as less mssive, 
fragmentary products of erosion. large quantities of tnese smaller rock parti- 
cles are associated with extensive morainal deposits of the glacial ice shsets. 

Radionuclides from rocks, or their erosion products, may leach into ground 
waters, be utilized by plant life or be disseminated into the atmosphere as gases 
or as particulate matter. The amounts of these materials in the environment are 
usually greater when associated with rocks with relatively high concentrations 
of the radioactive elements. 

A. Bedrock. 

Most of the common rock types occur within the boundaries of New York State. 
These include igneous and metamorphic rocks, and the sedimentary shales, lime- 
stones and sandstones. The general distribution of these bedrock materials within 
New York has been extensively mapped by geological workers and is illustrated 
in Figure 2. (7) 

Generally, more silicic igneous rocks, such as granite and syenite, have a 
higher concentration of radioactive elements than do less silicic igneous types 
such as basalts, or the sedimentary rocks. Among the sedimentary rocks, lime- 
stones and sandstones are relatively low in radioactivity, while shales are 
somewhat higher. Organic black shales have been found to be especially high. (4) 
Differences in the occurrence of radioactive elements in granite versus sedi- 
mentary rock types are in the magnitude of as much as 5 to 1 as illustrated in 
Table 3. (8) 


Most of the area of what is known as the Adirondack Province is underlaid 


by igneous and metamorphic rocks. Outside of this region their only extensive 


occurrence as surface rock is in the Hudson Highlands, a narrow strip in the 


southeastern part of the State that includes Putnam County and part of Orange and 
Rockland counties. 
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The Atomic Energy Commission has published four reports dealing with 
reconnaissance of radioactive rocks in New York State. (1) (2) (3) (5) Vickers 
also made a study of the radioactivity of various sedimentary rocks in Central 
New York. (4) Additional unpublished studies of the organic black shales have 
been made by staff members of the New York State Geological Survey. 

The areas with the greatest concentrations of materials with unusually high 
radioactivity levels were found by Narten ard McKeown (1) to occur in the 
northwestern and southeastern Adirondacks where there are numerous contacts 
between gneisses of the Grenville series and the grano-syenite complex. The 
Hudson Highland gneisses were found by McKeown (3) to have an average percentage 
of equivalent uranium from 0.003 to 0.004 percent which is higher than the 0.002 
percent that is considered to be normal. 

A statewide compilation of these data is illustrated in Figure 3. This 
includes mapping of surface outcrops of organic black shales containing at least 
0.003 percent equivalent uranium. Shale outcrops with radioactivity levels 
elevated but lower than that for black shale are also indicated. The underlying 
igneous rock formations of the Adirondack and Hudson Highland provinces are show 
where relatively high levels of radioactivity are present in scattered exposures. 
Black shale formations also underlie a considerable part of the Hudson Valley 
area. Here the formations with elevated radioactive content outcrop in an 
irregular manner which has not been mapped in detail for the entire area. 

These maps include all generalized radiological information available at the 
time of report preparation. It should be emphasized, however, that the data are 


not complete. Little or no information based on field measurements is available 


for much of the unmarked areas. The absence of data does not, therefore, 


necessarily indicate the complete absence of rocks with relatively high levels of 
radioactivity. Spot anomalies may be expected in many areas. Major surface ex- 


posure of such materials, however, may be assumed to be recorded. 
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B. Glacial Meteriai 

Except for a small area in southern Cattaraugus County, all of New York State 
has been glaciated. During the Pleistocene epoch of geologic time when glaciation 
was occurring in North America, at least four separate ice advances took place. 

Of these, the last, or the Wisconsin advance, was the most important in New York 
State in laying down the glacial deposits which now underlie the land surface. 

The ice moved gererally southward into New York from centers of accumulation 
to the north. At its maximum, the glacier was probably several thousand feet 
thick over much of the State. During its movement, the glacier abraded the 
underlying rock and incorporated huge quantities of it into the ice. When the 
ice retreated by melting, this material was left as a deposit over the land in 
various forms. Glacial till, or boulder clay, an unsorted deposit, was left by 
the melting ice over most of the State. The retreat to the north was marked by 
several periods of equilibrium of ice advance and melting so that the ice front 
remained stationary long enough to pile large amounts of debris, called reces- 
sional or terminal moraines, at the static ice front. 

Melt water draining to the south through valleys which had been widened and 
deepened by the glacier deposited large amounts of glacial outwash in them. These 
valleys are located primarily in the southern part of the State in the Allegheny 
Plateau. 

When the edge of the ice was melted back to a position north of the drainage 
divide, the bulk of the glacier blocked the drainage and the melt water became 
ponded between the glacier edge and the higher land of the divide. Debris was 


washed into these ice dammed lakes with a sorting of the rock material during 


deposition which produced deposits of fine silt and sand. These latter types of 


deposits are extensively developed in the Hudsgn Valley north of Kingston, in the 
Black River Valley which is located along the southwestern boundary of the 
Adirondacks, over the lake plain between Lake Ontario and the front of the 


Allegheny Plateau, and on the St. Lawrence lowland. 
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Composition of the different types of glacial deposits is extremely variable, 
Composition is, however, directly related to the nearby bedrock which usually 
supplied the predominant material in the deposit. Shales, having been formed 
originally from clay material, and being generally less resistant than other rock 
types, yielded glacial deposits with much clay. Igneous rocks eroded by the 
glacier are deposited predominantly as sands and gravels or generally coarse 
debris. The relative resistance of the rock determined the persistence of the 
rock in the drift. The igneous rocks, being the hardest, are often found hundreds 
of miles from the outcrop. 

Depth of deposits is also variable. The more extensive deposits are located 


in the valleys and where material was deposited in lakes or in the sea, (water- 


laid). Generally, deposits are thin over uplands and on steep slopes. Accurate 


information as to depth of deposits is lacking for much of the State. 

Radioactivity levels for glacial material are directly related to the type 
and level of the parent bedrock and the composition of the overburden. McKeown 
(3) found abnormally radioactive glacial material up to ten miles from the bedrock 
source. The fine sands and silts of water-laid deposits are generally lower in 
radioactivity than the till, or ice-laid morainal material, in the same area. 

A state-wide mapping of the distribution of glacial material is illustrated 
in Figure 4. This represents a compilation of available data from various 
authorities. Fairchild (9) mapped glacial deposits for the central and western 
parts of the State and his maps were used extensively. Mapping of moraines in the 
eastern part of the State was spotty and the data were gathered, where available, 
from various authors. Major terminal and recessional moraine deposits are mapped 
under the designation of "drift border". General till cover was not included in 


the mapping because of its wide distribution. 
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III. ASSOCIATION OF THE INCIDENCE OF MALFORMATIONS WITH THE DISTRIBUTION OF 


MATERIALS WITH RELATIVELY HIGH CONCENTRATIONS OF RADIOACTIVE ELEMENTS. 

A. if} 9° t 2 2 . 

Before the malformation data for all local areas became available, a classifi- 
cation of all townships and cities in upstate New York was made pertaining to the 
probable or unlikely presence of extensive quantities of materials with relatively 
high concentrations of radioactive elements. The classification of "probable" was 
made when a township or city fell within one of the three following categories: 

Igneous bedrock areas, 

River valleys in the Allegheny Plateau, and 

Terminal or recessional moraine areas with igneous 

or black shale outcrops occurring within a twenty-five 
mile distance to the north of the center of the city 
or township. 

Townships and cities not falling within these three categories were 
classified as "unlikely". 

The igneous bedrock category was selected because this rock type contains the 
highest concentration of radioactive elements found in natural materials within 
New York State. River valleys in the Allegheny Plateau were included because of 
the extensive glacial deposits in these locations with the presence of both igneous 
and black shale components. Morainal areas were also included, despite smaller 

material 
deposits on upland slopes, when a confirmed outcrop of igneous or black shale/ 
was present within an arbitrary twenty-five mile distance from the direction of 
glacial ice movement. The twenty-five mile distance was selected on the assumption 
that the great majority of all radioactive glacial materials present would have 
been derived from bedrock sources within this area. Areas with mapped water-laid 
glacial deposits were excluded because of the relatively lower radioactivity levels 


of these materials. 
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Classifications were based exclusively on the state-wide maps of bedrock and 
glacial material illustrated in Figures 3 and 4. Townships were classified as 
"probable" only when more than one-half of the total township area or the major 
population centers were associated with one of the designated categories. 

Additional state-wide classifications were made as to the presence of bedrock 
exposures nf igneous or black shale material within a ten mile distance to the 
north of the center of a city or township. A more restrictive ten mile distance 
was used in this classification because of the definitive findings by McKeown (3) 
of abnormally radioactive glacial materials as far as ten miles from a bedrock 
source. A classification was also made based on the presence of any mapped 
glacial deposits and whether these covered more than one-half of the area of the 
township or the population centers. 

B. ormg tio ng t 

Malformation rates among children of residents of all urban and rural areas, 
classified as to the probable or unlikely presence of extensive quantities of 
natural materials with relatively high concentrations of the radioactive elements, 
are shown in Table 4 For all "probable" areas the rate is 15.1 per 1,000 births, 
as compared with the rate of 12.8 for the “unlikely”. 

If geology is a factor in the incidence of malformation, one would expect 
the association to be less marked in the urban than in the rural areas, where 
there should be greater exposure to natural materials, Table 4 shows that this is 
the case with rates for the "probable" and "unlikely" rural areas being 15.8 and 
12.9, as compared with the corresponding urban rates of 14.1 and 12.8. 

Within the rural areas, the presence of igneous bedrock is associated with a 


rate of 17.5. River valleys in the Allegheny Plateau and/or drift borders 


(terminal or recessional moraines) have a rate of 15.4. For river valleys the 


rate is 15.5, and for drift border areas, 15.0. 
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Analysis of more detailed geological classifications of rural townships 
indicate that the location of a township within a river valley or a drift border 
area is apparently more significant than the presence of bedrock outcrops of 
igneous or black shale material within the township or within a distance of ten 
miles to the north. However, outside the river valley and drift border areas, the 
rates of townships with and without such ovtcrops are 13.4 and 12.4, respectively. 
Where glacial deposits have been mapped, the rates for townships in river valley 
and drift border areas, which are more than half covered with glacial deposits, 
are higher than those which are less than half covered: 1@.0 vs. 15.1. 

Table 5 shows malformation rates by type of malformation in the "probable" 
and "unlikely" rural areas. For every type of malformation, except mongolism, 
the rate is higher in the "probable" areas. 

It is difficult to test these differences for statistical significance since 
their standard deviations are certainly larger than those obtained by assuming 
binominal distribution. It is possible however to test for the consistency of 
the pattern throughout the State. 

Grouping the counties of the State into the six standard geographical regions 
shown in Table 6, we find that in each region the malformation rate for "probable" 
towns is greater than for the "unlikely", although the difference is very small 
for the Catskill-Pocono Highlands. 

Of the 57 Upstate counties, 38 contain townships classified as "probable". 
The average difference in these counties between the rates for "probable" and 
"unlikely" areas is 2.9, with a standard error of .95. The probability of this 
difference occurring by chance is less than 3 in 1,000. In 23 counties, the rate 
for the "probable" townships was higher than in the "unlikely", with the average 
difference in the rates being 6.3. In the 15 counties where the rate for"probable" 


townships was lower than for the "unlikely", the average difference was 2.3. In 
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3 counties, all townships were classified as "probable", with an average rate of 
14.3. In 16 counties, all townships were classified as "unlikely", with an 
average rate of 11.3. 

C. Association of the incidence of malformations with geology and socio- 
economic status 

If the association of malformation rates with geology is not an accidental 
phenomenon, the question arises as to what factor, or factors, might be associated 
with both a higher incidence of malformations and geology. One such factor is 
the socio-economic status of the population. Unfortunately, there are no popula- 
tion data from the U. S. Census available for townships sufficient to classify 
the townships in this regard. However, for a special study of reproductive 
wastage now underway in the New York Stete Health Department, all births for the 
years 1950-1952, recorded to residents of the Upstate area, were coded for occupa- 
tion of the father according to the 10 digit classification employed by the Bureau 
of the Census. The incidence of malformations among these births is not yet 
available, but neonatal mortality (under 2@ days) from malformations as a cause 
of death could be computed for single white births for each occupation group. 
This information is shown in Table 7. 

These data show a relationship between the neonatal death rate from malforma- 
tions and occupation of the father, which suggests a similar relationship between 
occupation (or socio-economic status) and the total incidence of malformations. 


To test whether the difference in malformation rates between "probable" and 


"unlikely" areas could be due to differences in the occupation of the father, as 


stated on the birth certificates, punch cards for the 1952 births to residents of 
the rural areas of 20 non-metropolitan counties were selected for tabulation. 
These included all the counties in the Adirondack Highlands and the Northern 
Allegheny Plateau, except the metropolitan county of Albany. These were divided 
into residents of "probable" and "unlikely" areas, and each group tabulated into 


the five occupation categories shown in Table 7. 
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Applying the malformation death rates prevailing Upstate in 1950-1952 to each 
of these occupation groups, the expected death rates for the "probable" and 
“unlikely” areas are 2.95 and 3.00 respectively. Differences in occupational 
distribution could thus not account for a higher death rate from malformations in 
the "probable" areas of these counties. 

The incidence of malformations asreported on birth and death certificates 
for these areas in 1952 was also obtained. For all births in the "probable" 
and "unlikely" areas, the malformation rates were 16.4 and 13.3. For each occupa- 
tion group the rate was higher in the "probable" than in the "unlikely" area, 
except for the group "service workers, laborers, and occupation not reported". 

The greatest difference was for farmers and farm laborers: 21.6 vs. 12.4. 
Association of the incidence of ralformations with geolocy and type of 
public water supply 

In areas of probable presence of extensive quantities of radioactive 
materials, one would expect relatively higher levels of radioactivity in water 
supplies derived from ground sources (wells and springs), than in those derived 
from large surface waters (lakes and rivers). 

There are 555 communities under 10,000 population in New York State, 499 of 
which are served by public water supplies. The sources of water for these systems 
include 255 from ground waters, 72 from lakes and rivers, 83 from brooks and 
streams, and 89 from mixed sources. (10) 

Table 8 shows the births, malformations, and malformation rates for the 
residents of these communities, classified by type of supply according to their 
location in areas of probable or unlikely presence of extensive quantities of 
radioactive materials. In the "probable" areas the rate is highest, 16.9, in 


those communities deriving their water supvly from wells and springs, and lowest, 


12.4, in those utilizing large surface waters. In the "unlikely" areas, the rates 


42165 O—59—vol. 327 
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differ very little by source of supply, with those communities which derive their 
supply from wells and springs having a rate of 12.9, and from large surface waters, 
11.9. 

IV. EVALUATION OF THE ROLE OF POSSIBLE ETIOLOGICAL AGENTS IN PRODUCING CONGENITAL 

MALFORMATIONS IN AREAS WITH ELEVATED MALFORMATION RATES. 

An epidemiszlogical field investigation was undertaken in an attempt to obtain 
information as to differences in the frequency of occurrence of known etiological 
factors between relatively high and low malformation rate townships. Comprehensive 
family interviews were carried out and more detailed geological field studies were 
made of these areas. Preliminary measurements were also made of external radia- 
tion levels and the radioactivity of water supplies. The number of cases of 
rubella reported during each of the years 1949-1955 in the townships selected for 
field study was compared with the distribution of malformation cases during the 
same period. Possible biases in the malformation rates due to different reporting 
practices by hospitals, and the role of sampling variation in the selection of 
high and low rate townships for special duty, were also evaluated. 

A. Selection of areas for field study 

Groups of four or more contiguous rural townships with unusually high mal- 
formation rates were selected in different parts of the State to obtain approxi- 
mately 300 families with malformed children recorded on birth or death certificates 
during the years 1950-1955. Rates for the 55 individual high rate townships 
selected ranged from 14.6 to 66.7 ver 1,000 live births. Groups of four or more 


contiguous low rate townships were also selected to obtain an equal number of 


families with malformed children. These townships were located either adjacent 


to the high rate areas or were in sections of the State with predominately low 
rate townships. 
The malformation rates for the 108 low rate townships ranged from 0 to 16.9 


per 1,000 live births. The slight overlapping of rates of the high and low 
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rate township groups is due to the inclusion of several normal rate townships with 
contiguous groups of both high and low rate townships. These townships were 
included because of their small populations, the questionable statistical sig- 
nificance of their rates and their location as part of what appeared to be an 
otherwise uniform grouping of relatively high or low rate townships. The location 
of the 163 townships selected for study is shown in Figure 5. 

For the townships selected, comparable malformation data for the four year 
period 1944-1948 were obtained to confirm the high or low rate grouping. For the 
high rate towns, the rate for the earlier neriod was 16.3; for the low rate towns, 
11.1. This would suggest that the malformation rates of a substantial number of 
the high rate towns were "truly" high, and not merely the result of chance varia- 
tion due to the small numbers involved. 

The possibility that the rates in the high and low rate areas might reflect 
different reporting practices on the part of physicians and hospitals was also 
considered. Punch cards for all births to residents of the selected areas for 
one year, 1952, were obtained and tabulated according to the place of birth. 
Births occurred in 132 different hospitals. In 63 of these hospitals, births 
were recorded to residents of both high and low rate townships. In these 63 
hospitals, the malformation rates associated with residents of high and low rate 
townships were 27.8 and 9.6 respectively. For deliveries in the same 63 hospitals 
to women residing in townships not included in the field study areas, the rate 


was 12.7. From this, it appears extremely unlikely that reporting practices 


alone could account for the differences in malformation rates between high and 


low rate areas. 

B. Demographic data for field study areas 

All births to residents of the field study areas for one year, 1952, were 
tabulated according to birth weight, age of mother, age of father, number of 


previous children over born to mother, and occupation of the father. No sig- 
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nificant differences between high and low rate areas were found in the distribu- 
tion of the births by any of these variables, although the percent of births 
weirhing 2,500 grams or less wes slightly nigher in the high rate areas, 7.8 
percent, than in the low rate areas, 6.6 per cent. 

Neonatal mortality for 1952 wes higher in the high rate area (24.2 vs. 19.0 
per 1,0CO0 live births) entirely because of the higher death rate from malforma- 
tions. Mortality from 28 days up to 5 years of age was 10.8 per 1,000 live births 
in the high rate area, 11.6 in the low. 

The stillbirth rate per 1,000 total births in the two areas for the period 
1948-1955 was 16.6 in the high rate area and 16.8 in the low. 

C. Rvbella 

A tabulation of the annual incidence of rubella during the years 1949-1955 in 
each field study township revealed no association with the incidence of malforma- 
tions. 

D. Geological ficld data 

Of the 55 high rate townships selected, 22 were classified as igneous bedrock 
areas, 18 as river valley-drift border areas, and 15 as "unlikely" areas. Of the 
108 low rate townships, 8 were igneous, 13 river valley-drift border areas, and 
87 "unlikely". 

Geological field work was carricd out in the selected townships without know 
ledge by the worker of the high or low malformation rate status of the townships. 
Each town was classified as to underlying bedrock and glacial deposits, taking into 
account the extent of arcal distribution in relation to population concentration, 

Malformation rates per 1,000 live births were computed for all ficld study 
townships which had been placed in the same bedrock and glacial material cate- 
gories. To reduce sampling variation, and possible bias resulting from the method 
of selection of field study areas on the basis of their relatively high or low 
rates for the period 1948-1955, rates were based upon the births for the entire 
period 1944-1955. 
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Rates did not vary by type of bedrock when the type of glacial material was 
held constant. Table 9 shows the rates by type of glacial material. Rates in 
areas with ice-laid material are consistently higher than in areas with water-laid 
raterial. Within the ice-laid category, the highest rate, 19.5, is associated with 
igneous glacial material. In the "mixed shale" classification, the rate is higher 
for those areas with extensive quantities of this material, 14.3, than for areas 
with limited amounts, 10.3. 

Fam a t 

In the high rate areas, there were 299 births with malformations recorded 
during the period 1950-1955. However, 13 of these were not investigated because 
the child was born out of wedlock or had been adopted since birth, or was ina 
family for which an index case had already been selected. The net total repre- 
sented 286 families. In the low rate areas, 307 cases netted a total of 292 
families. 

For each of the index families, a control family was selected by taking from 
the bound volume of birth certificates the next certificate of birth to a mother 
resident of the same area. The location of the residences of study and control 


families is shown in Figure 5. 


Families were interviewed by staff public health nurses to obtain detailed 
family residence and occupation data extending through the grandparents of children 
designated on the certificates. The residence history included urban-rural status, 
source of drinking water, utilization of natural stone as a home construction 
material, presence of dust as a nuisance condition, and the utilization of a home 


garden for family produce needs. A history of all pregnancies as well as number, 


birth dates, weights and health status of other children in the family was ob- 


tained. A familial history of malformations was recorded along with miscellaneous 


information pertaining to socio-economic level, consanguinity, national stock and 
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religion. Data on the nutritional status of study families were not collected 
because of the difficulty of obtaining reliable information and the doubtful rela. 
tionship in man between malnutrition and congenital malformations.(11) 

Interviews were completed for 835 families, or 72 percent of the total. Most 
of the families not interviewed had moved out of the area. Only 30 farilies 
refused to cooperate. 

Of the 440 control individuals for whom interviews were completed, 15 were 
stated by the mother to have a malformation. There were 8 in the high rate area 
and 7 in the low, representing a rate among the total control group of 34.1 per 
1,000 from interviews alone. This rate is almost three times the state-wide rate 
obtained from birth and death certificates, indicating the incompleteness of 
reporting on the birth certificates. Of the 15 cases found by interview, 6 repre- 
sented conditions which could not have been detected at birth, such as pyloric 
stenosis and congenital dislocation of the hip. These were equally divided 
between high and low rate areas. The remaining 9 cases were associated with minor 
conditions, such as tongue tie, hammer toes, cyst under tongue, etc. The equal 
number of previously unknown cases found by interview among control cases in both 
high and low rate areas, indicates that incompleteness of reporting has not of it- 
self been responsible for the differences in rates obtained from birth and death 
records. 

The 15 cases found among the controls were added to the index cases, resulting 
in 411 cases and 425 controls. Table 10 shows the total number of live siblings 
of these children and the incidence of malformations among them; also the incidence 


of stillbirths and abortions in all sibling pregnancies. There are no consistent 


V McIntosh et al report an incidence of malformations in live born infants of 
Teh rae based upon examinations at birth, at six months and twelve months 


of age. (16) For infants surviving the neonatal period, the rate was 7.0, but 
only 43.2 percent of the malformations were observed at birth. The rate for 
those observed at later examination was therefore 4.0 percent, very similar to 
the rate reported here. 





FALLOUT FROM NUCLEAR WEAPONS TESTS 2383 


differences in any of these rates either between cases and controls, or between 
high and low rate areas. 

Few pregnancies in families with or without malformations were associated 
during the first trimester with German measles, 2 vs 3; or pelvic radiation, 5 vs 
3, There were no reported associations between malformations and the occurrence of 
other infectious diseases during the first trimester of pregnancy. There was a 
slight difference between the percertages of the two groups having a history of 
pelvic radiation following the firet trimester, 11.4 vs 9.4 percent. A slightly 
higher percentage of women with malformed children were reported by their phy- 
sicians to have experienced toxemia as a complication of pregnancy, 16.4 percent 
vs 13.0 percent. 

The total number of reported consanguineous cousin marriages between parents 
or grandparents in families with and without a malformed child was 14 and 4. 

Additional family history data showed a greater incidence of anomalies on 
both the husband's and wife's side of the family in families with a ralformed 
chi-d as compared to those without a malformed child. This was true also for 
cases Of epilepsy, cerebral palsy, mental retardation, and mongolism. For dia- 
betes, a high incidence was reported on the wife's side only. 

Miscellaneous data revealed that approximately 30 percent of families in high 
and low rate areas reprrted dust as a nuisance condition, only 20 percent of all 
families raised more than 50 percent of their own garden produce, and that approxi- 
mately one-half of all homes used stone as a building material. Igneous rock was 


used in one-third of all homes in the high rate areas. In 20 percent of the 


families in the high rate areas, and 12 percent of those in the low rate areas, 


there was a history of residence of some member of the family in the area over 75 


years. 
F. Radiologica) data 


Precise and reliable measurements of radiation exposures are limited. In 
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connection with the present study, 38 external environmental radiation measurements 
were made in upstate New York by Mr. Leonard Solon, Acting Director of the Radia- 


tion Branch of the New York Operations Office, Atomic Energy Commission, and his 










co-workers, (13) A 20 liter ionization chamber was used in conjunction with a 





vibrating reed electrometer. This equipment was mounted in the rear of an auto- 





mobile with all but one reading taken with the instrument being in this location, 
The latter reading was taken inside a church which was constructed of granite rock, 


The outdoor penetrating environmental radiation levels were found to lie 










primarily in the interval of 8 to 12 microroentgens/hour., This represents 2.1 to 





3.2 roentgens per 30-year period. 





The radiation associated with igneous rock 





areas was generally responsible for the higher levels. Appreciable departures 





from this range were found at points adjacent to exposed rocks having relatively 


high concentrations of radioactive materials. Occupational exposure associated 











with such materials was recorded as high as 40 microroentgens/hour. Exceptions 


also occurred in association with buildings constructed with materials with 






elevated radioactivity. A reading of 18.5 microroentgens/hour was made in the one 













building constructed with granite rock in which an ionization chamber measurement 
was made. This latter measurement was in contrast to a general environmental 

reading of 9.5 made outside the building. 
Through the cooperation of the Atomic Energy Project at the University of 
Rochester School of Medicine and Dentistry, 18 water samples were analyzed for 
radioactivity levels by Dr. John Hursh. A description of Dr. Hursh's analysis 
procedures has been published. (14) 
Preliminary screening measurements of water samples from both high and low 
malformation rate areas were made with the intent of picking up any highly radio- 


A sample from a drilled well containing 29 x 10726 grams 





active ground source. 









per ml of Ra226 represents such a source. This sample was taken from the igneous 





rock area of the Adirondacks. The sample showing the next highest level at 
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grams was also taken from an igneous section in Putnam County, within 


the Hudson Highlands. 







These levels are in contrast to a general range of from 







0.0 to 1.7 x 1076 grams of radium per ml found in public water supplies. (14) 










Measurements of emitters from the thorium chain are not complete. Initial find- 


ings, however, reveal no evidence of substantial amounts of these emitters in the 





samples collected. 





Preliminary examinations for trace elements have not revealed 
any notable differences between samples from the various areas. 
Radon measurements for mines in the Adirondacks which were carried out by 


the New York State Department of Labor and the New York Operations Office of the 


Atomic Energy Comnission, were found to be between 10720 n 


and 10° curies per 








liter in the majority of places sampled. (12) The former levels exceed the present 








maximum permissible concentration of radon and radon daughter products of 1074 





euries per liter. 

Bone and tissue specimens from life time residents coming to autopsy are 
tudy 

also being collected in certain/areas for future radiological measurements by the 


Atomic Energy Commission's New York Operations Office. 







DISCUSSION : 






The foregoing data represent an epidemiological fact-finding study. The 


associations noted are statistical in nature and represent a first step in 







establishing possible cause-effect relationships. It should be stressed that the 
associations relate to total malformation rates and the location of geographical 


areas containing materials with relatively high concentrations of radioactive 











elements. This is not tantamount to a direct relationship with external environ- 
mental radiation levels or "background" radiation. 
The study and the study data are also not comparable to the studies of the 


effects of atomic blast radiation in Japan (15) or to the majority of animal 






studies dealing with ionizing radiation. The latter studies have been related 


almost exclusively to high-dose, external radiation administered over short 
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periods of time. In contrast, the environmental radiation factors herein des- 
cribed pertain to low dosage levels over long periods of time. With many families, 
the time factor has included several generations. The sources of radiation, in 
addition to external radiation, include internal emitters which may have been 
ingested with food or drinking water, or inhaled. 

The data upon which this report is based relate to such a substantial number 
of births that most of the differences indicated would be statistically signifi- 
cant by whatever tests devised. However, the real significance lies in the over- 
whelming consistency of the pattern which is shown in the relationship of malforma- 
tion rates to geology. The data are crude with factors other than chance veriation 
operating. Some of the most convincing evidence may be found in a comparison of 
the maps of bedrock, glacial material and msiformation rates illustrated in Fig- 
ures 1,3, and 4. Interrelationships of these three items are perhaps most readily 
illustrated in the area immediately to the south and southeast of Rochester. A 
150 mile eastwest section of the drift border of the Mankato glecial substage is 
associated with elevated malformation rates only in a 40 mile section which lies 
immediately to the south of an outcrop of relatively highly radioactive black 
shale. 

Svecial attention shovld be directed to the general range of external 
environmental radiation of 8 to 12 microroentgens/hour, and the fact that the 
higher readings are primarily associated with igneous bedrock areas. Although 
possibly of significance only in the matter of relative values, the 5C percent 
increase in the level of the higher radiation figure over the lower is similar to 
the difference between the malformation rates of 12.9 and 17.5 found in Table 4. 
These latter rates reflect the differences found between rural areas classified 
as provably not containing relatively large quantities of materials with 


elevated radioactivity versus those containing more highly radioactive igneous 


materials. 
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The general absence of unusualiy high external environmental radiation levels 
in river valley and morainal areas is offset by the potential radiation exposures 


to man via ground water used for drinking purposes. Epidemiological justification 





for this consideration is found in Table 8 where higher rates in these areas are 


associated with consumers of ground water supplies in contrast to large surface 











supplies. 





These data suggest that an internal factor acquired through drinking 
water may play a more important role than an external agent. 
The association of increased malformation rates with residence in areas con- 


taining materials with relatively high levels of radioactivity strongly suggests 





radiation as a primary etiological agent. However, another etiolopical agent 
which may be associated with radioactive meterials, may be responsible for the 


differences noted. Such an agent, however, is presently unknown and no known 




















etiological factor other than radiation has the same statistical association with 
the malformation differences which are recorded. This applies to rubella, medical 
radiation, socio-economic status, consangvinity and the many other factors inves- 


tigated in this study. Until such time as the existence of an alternate agent can 





be elicited, it would appear desirable to consider radiation as a causal agent. 
If such a causal association can be confirmed, it would serve as the basis for 
establishing more realistic and reliable information and standards pertaining to 
the long range effects on man of low level, environmental, radiation than those 


which have been extrapolated from laboratory experimentation with Drosphila and 





mice. Such information would be of special value in evaluating the hazards of 
environmental contamination by radioactive wastes and of fallout materials. 
Extensive additional radiological measurements will be required, however, before 
accurate estimates of these possible relationshipe can be made. 
SUMMARY 
1. 





A tabulation was made of all congenital malformations recorded for 


children born during 1948-1955 in New York State, exclusive of New York City. 
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Birth certificates, or certificates of death of children under five years of age, 
were used as sources of information. There were 16,369 malformations among 
1,242,744 live births, an incidence of 13.2 per 1,000 live births. For the rural 
area tho rate was 13.5. Rates of 20.0 or higher occurred in 186 out of a total of 
942 tewnships. Contiguous groupings of these high rate townships occurred pri- 
marily in the Adirondack Mountains, Hudson Highlands and Allegheny Plateau portions 
of the State. 

2. An independent compilation was made of all available geological data 
pertaining to ceposits of materials with relatively high levels of radioactivity, 
These data were used to classify all townships as to the probable or unlikely 
presence of extensive quantities of natural materials with relatively high levels 
of radioactivity. The malformation rate for all rural areas classified as 
"probable" was 15.8 per 1,000 live births. For "unlikely" rural areas the rate 
was 12.9. The most highly radioactive materials in New York State are found in 
areas with outcrops of igneous rocks. These areas had the highest malformation 
rate, 17.5. Areas with extensive deposits of glacial materials had a rate of 
15.4. These included river valleys in the Allegheny Plateau and glacial moraine 
areas, Areas with less extensive glacial deposits had a lower rate. 

3. Birth record data pertaining to occupation of father were used to evalu- 
ate the relationship between malformation rates, presence of radioactive materials 
and socio-economic status. The neonatal mortality rate from malformations was 
inversely related to socio-economic status as indicated by occupation of father. 
However, there was no relationship between socio-economic status and the presence 
of radioactive materials. In "probable" radioactive material areas, malformation 
rates were higher than in "unlikely" areas for all but one occupational group. 

4. Data pertaining to source of public water supply were used to evaluate 
the relationship between malformation rates, presence of radioactive materials, 


and drinking water from wells and springs as contrasted with large surface supplies 
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(lakes and rivers). In areas of "probable" radioactive materials, the malforma- 
tion rate was highest, 16.9, in communities deriving their water supplies from 
wells and springs, and lowest, 12.4, in those utilizing surface waters. In the 
"unlikely" areas, the corresponding rates yere 12.9 and 11.9. 

5. Groups of contiguous townships with relatively high and relatively low 
malformation rates were selected for special epidemiological field study. Of the 
55 high rate townships selected, 40 had been independently classified as "probable" 
areas, while of the 108 low rate townships, only 21 had been so classified. There 
were no differences between the high and low rate areas in the distribution of 
births by age of mother, age of father, number of previous children born to 
mother, or occupation of father. There were also no differences in infant 
mortality after the first month, or in the stillbirth rate. Possible biases 
associated with different reporting practices by hospitals, sampling variation 
in the selection of field study areas, and general under-reporting of malforma- 
tions were investigated and could not account for the difference in rates between 
the high and low rate townshinvs. There was no association between the incidence 
of rubella and malformations in any of the townships. Extensive family interview 
data revealed that medical radiation, infectious diseas@ during the first tri- 
mester of pregnancy and other potential etiological factors were not responsible 
for the malformation rate differences noted. 

6. Field measurements of external environmental radiation levels were found 
to lie mainly in the interval of 8 to 12 microroentgens/hour with appreciable 
departures from this range at points adjacent to exposed minerals having an 
elevated radioactive content. These levels represent a range of from 2.1 to 3.2 
roetgens per thirty-year period. Preliminary scveening measurements of radium 


226 for a limited number of water supplies revealed one highly radioactive supply, 


from an igneous rock outcrop area, which contained 29.0 x 10726 grams per ml. 


This level is in contrast to a general range of from 0.0 to 1.7 x 10726 grams of 


radium per ml found in public water supplies. (14) 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


ACKNOWLEDGEMENTS 

The authors wish to express their sincere appreciation for the assistance 
and guidance received from Dr, Earl T. Apfel, Professor and Chairman of the De- 
partment of Geology, Syracuse University; Dr. Donald Fisher, New York State 
Paleontologist; Dr, John Prucha, former Senior Geologist, and other staff members 
of the office of the New York State Geological Survey who have given freely of 
their time. 

As noted in the text, radiological measurements were carried out by Dr. John 
Hursh and Mr. Leonard Solon and his co-workers. Additional staff members of the 


Atomic Energy Commission have been most helpful, 


Dr. John Fertig, Professor of Biostatistics, Columbia University School of 


Public Health and Administrative Medicine, and Mr, William \. Haenszel, Head, 


Biometrics Section, National Cancer Institute, reviewed the statistical data and 
made helpful suggestions. 

Many other professional associates, particularly those in the New York State 
Department of Health, have given valued assistance. Special thanks are due the 
County public health nurses who carried out the family interviews under the 


general direction of the health officers and supervising nurses in participating 


jurisdictions. 





FALLOUT FROM NUCLEAR WEAPONS TESTS 2391 


REFERENCES 


Narter, P.F. and McKeown, F.A.: "Reconnaissance of Radioactive Rocks of the 
Hudson Valley and Adirondack Mountains, New York", USAEC Technical Information 
Service, Oak Ridge, Tenn., TEI Bulletin 70, May 1952. 


McKeown, F.A. and Klemic, Harry: "Reconnaissance for Radioactive Materials 
in Northeastern U. S. During 1952", USAEC Technical Information Service, Oak 
Ridge, Tenn., TEI Bulletin 317-A, June 1953. 


McKeown, Frank: "Reconnaissance of Radioactive Rocks of Vermont, New 
Hampshire, Connecticut, Rhode Island and southeastern lew York", USAEC 
Technical Information Service, Oak Ridge, Tenn., TEI Bulletin 67, June 1951. 


Vickers, Rollin C.: "A Radioactivity Study of the Sedimentary Rocks of Central 
New York State and a Description of the Methods and Apparatus Used", Master's 
Thesis, Syracuse University, 1951. 


Vickers, R. and Schnabel, R.W.: "Reconnaissance of the Clinton Formation in 
New York, Pennsylvania, Maryland and New Jersey", USAEC Technical Information 
Service, Oak Ridge, Tenn., TEM Bulletin 434, 1953. 


Lowder, W.M. and Solon, L.R.: "Backpround Radiation: A Literature Search", 
USAEC Health and Safety Laboratory, New York Operations Office, July 1956. 


Modified from New York State Planning Board: "A Graphic Compendium of Plan- 
ning Studies", p.7, Albany, New York, 1935. 


Modified from Hultquist, Bengt: "Studies on Naturally Occurring Ionizing Ra- 
diation", Kungl-Svenska Vetenskapsakademiens Handlingar, Vol. 6, p.19, 1956. 


Fairchild, H.L.: "New York Moraines", G.S.A. Bulletin, Vol. 43, pp.627-662, 
1932. 


New York State Department of Health, Bureau of Environmental Sanitation: 
"Public Water Supply Data", Bulletin 19. 


Warkany, Joseph, M.D.: "Congenital Malformations Induced by Maternal Dietary 
Deficiency", Nutrition Reviews, Vol. 13, pp.289-291, October 1955. 


Harris, Saul J.,: "Radon Levels in Mines in New York State", Monthly Review, 
New York State Department of Labor, Division of Industrial Hygiene, Vol. 33, 
No. 10, p.37, October 1954. 


Solon, L.R., Lowder, W.N., Zila, A.V., Levine, H.D., Blatz, H. and Eisenbud, 
M.: “External Environmental Radiation Measurements In The United States", 
AEC Health and Safety Laboratory, New York Operations Office, March 1958. 


Hursh, J.B.: "Radium Content of Fublic Water Supplies", J. Am. Water Works 
Assoc., Vol. 46, No. 1, January 1954. 


Neel, J. and Schull, W.J.: "The Effect of Exposure to the Atomic Bombs on 
Pregnancy Termination in Hiroshima and Nagasaki", National Academy of Sciences, 
Publication No. 461. 


McIntosh, Rustin, M.D., Merritt, Katherine K., M.D., Richards, Mary R., M.D., 
Samuels, Mary H., M.D., and Bellows, Marjorie T., M.S.: "The Incidence of 
Congenital Malformations: A Study of 5,964 Pregnancies", Pediatrics, Vol. 14 
No. 5, November 1954. 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


Table 1 


Births Recorded In New York State, Exclusive Of Mew York City, To Residents Of That Area 
and The Incidence Of Congenital Malformations Among Them, As Reported On The Birth 
Certificates or On The Certificates Of Death Under 5 Years Of Age, 1948-1955 


Rate per ),000 Live Births 


Live Jj Birth or Reported on Reported on 
Year Births Death Birth Pirth or Death 
Certificate Certificate Certificate 


1948 141,098 13.9 


1949 142,044 13.5 
1950 143,163 3 12.9 
1951 151,773 
1952 159, 760 
1953 161,154 
1954 168,822 
1955 174,930 
1948-55 1,242,744 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


Table 2 


Malformations Reported On The Birth Certificates Or On The Certificates 
Of Death Under 5 Years Of Age, According to Type of Malformation: 
New York State, Exclusive of New York City, 1948-1955 


oe EEE 


Malformation Reported On Birth 


Certificate Malformation Re- 

Died from: ported on Death 

Type of Malformation Total Not Known To Other Certificate Only 
Have Died Malformation*® Causes 


a nit 


All malformations 16,369 9,465 2,725 1,058 3,121 
Central nervous system 2,595 578 1,459 142 416 


Monstrosity 476 31 356 33 56 
Spina bifida and 


meningocele 1,223 379 703 61 80 
Hydrocephalus 631 66 343 26 196 
Other 265 102 57 22 84 

Circulatory system 2,715 194 617 80 

Hare lip, cleft palate 1,414 1,267 4l 4 
Digestive system 1,072 195 237 53 587 
Genito-urinary system 1,270 1,037 102 41 90 
Skeletal system 2,276 2,131 5 136 4 
Bones and joints 1,461 1,276 4l 21 
Mongolism 392 257 78 38 


Other and unspecified 
malformations 3,174 2,530 204 303 137 


ne  ___ _______________________ 


* When cause of death was a malformation different from the malformation stated on birth 
certificate, case was allocated to malformation given as cause of death. 


Table 3 


Natural Occurrence Of Radioactive Elements 


Ra226 m222 x40 


oa? 6 6 
(10 gm/gm) (10 em/gm) (10 gm/gn) 


Granite rock 1.6-4.7 8-33 3.5 
an Sedimentary rock “ 0. 3-1.0 1-5 0.1-1.C 


— 
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Table 5 


Malformation Rates Per 1,000 Resident Live Births, 1948-1955, By Type of Malformation In Rural 
Areas Of New York State Classified As To Probable Or Unlikely Presence Of Extensive Quantities 
Of Materials With Relatively High Concentrations Of The Radioactive Elements 


Sr —ee——eee—S—ESESaoaoaooEEaEaEaEaEaEEEEEEE—EE— LS SSE SSS 


"Probable" Areas "Unlikely" Areas 
Malformation Classification Malformation Rate Malformation Rate 


All Malformations 1,809 15.8 5,635 12.3 


Central nervous system 254 2.2 857 2.0 


Circulatory system 299 2.6 939 2.1 


Hare lip, cleft palate 1.6 529 - 


Digestive system 1.1 384 


Genito-urinary system 1.3 440 


Skeletal system (club foot) 779 


Bones and joints 466 


Other unspecified malformations 


Mongolism 
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Table 6 
Regional Malformation Rates Per 1,000 Resident Live Births, By Probable or Unlikely 


Presence Of Extensive Quantities Of Materials With Relatively High Concentrations 
Of The Radioactive Elements: Rural Area Of New York State, 1948-1955 


—lSE=E=e=Se=EeEeEeEeEe=Ee=EaE=>=E=>~$—=x==xq=xqx=£=&=&=xqx——qqq{]&[{2{]2]q]@]lE>l——q——e=—=—=~~e=====_==—=S====E=€=R_R_—"EENQaaaEES=S 


"Probable" Areas "Unlikely" Areas 
Malformation Malformation 
Births Births Rate 


Total Rural Area 114,333 12.9 
Adirondack Highlands 18,613 12.1 
Catskill-Pocono Highlands 10,895 14.0 
Northern Allegheny Plateau 42,981 14.6 


Northwestern Allegheny Plateau Border 16,989 13.7 


Erie-Ontario-Mohawk Plain 165,103 12.1 


Hudson Valley and Long Island 5,719 185,652 13.2 
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Table 8 
Malformation Rates Per 1,000 Resident Live Births, According To Source Of Public Water 


Supply and The Probable or Unlikely Presence Of Extensive Quantities Of Radioactive 
Materials: Incorporated Places Under 10,000 Population, New York State, 1948-1955 


ee 





"Probable" Areas "Un 1 eog 
Births Malformations 5; ths Malformations 
Source of Public Weter Supply Number Rate Number Rate 
Total 50, 333 732 14.5 150,742 . 1,936 12.8 
Wells and eprings 15,307 259 16.9 60,894 723 12.9 
Large surface (lakes, rivers) 11,195 139 12.4 31,275 371 11.9 
Small surface (brooks, streams) 13,213 149 13.3 24,008 x 17.7 


Mixed : 12,418 185 14.7 34, 565 478 13.8 
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UNIVERSITY OF ARIZONA, 
INSTITUTE OF ATMOSPHERIC PuHysICs, 


Tucson, Ariz., July 1, 1959. 
Mr. JAMES RAMEY, 


Ezecutive Director, Joint Committee on Atomic Energy, 
U.S. Senate, Washington, D.C. 


Dear Mr. RAMEY: Thank you very much for sending me, at Senator Gold- 
water’s request, copies of the 1958 hearings of the Holifield Subcommittee on 
Radiation Effects. Thank you also for placing my name on the distribution list 
for the forthcoming publication of the 1959 hearings, which will also be of 
great interest to me. 

I have just completed some statistical analyses of a recently published report 
that has, I believe, extremely strong bearing on the entire subject of this year’s 
hearings. I am enclosing a copy of that analysis and I should like to see it 
included in the record of the 1959 hearings. I understand that the record is 
not yet closed. 

This article, which should be footnoted as “Submitted for publication in the 
Bulletin of the Atomic Scientists,” concerns interpretation of results of a study 
of relation of incidence of congenital malformation in New York State to radio- 
activity of the underlying rocks and water-bearing strata. As my article shows, 
the study reveals highly significant excesses in malformation rates in those 
parts of New York where the natural background of radioactivity is above 
normal. The study shows that farm families are particularly vulnerable in this 
respect. 

I believe that this material warrants inclusion in the record of the Holifield 
hearings since it constitutes evidence bearing on and contrary to the fifth and 
sixth items in the ABC General Advisory Committee’s recent statement on fallout 
dangers. Contrary to the implications of that statement, there does now appear 
to be evidence that where people have been living with above-normal background 
radiation, their children have suffered increased probability of congenital mal- 
formation. 

I hope, then, that my submitted material can be included in the hearings of the 
1959 Holifield subcommittee. 

Thank you. 

Respectfully yours, 


J. E. McDonatp, Senior Physicist. 





A STUDY IN GENETIC DAMAGE 


James E. McDonald 
(Submitted for publication in the Bulletin of the Atomic Scientists) 


The mutagenetic effects appearing within population groups sub- 
jected to sustained low-intensity radiation fields such as may be 
produced by radioactive fallout are only vaguely understood due to 
present ignorance of even such fundamental points as the ratio of in- 
duced to spontaneous muatations in humans. Appeals to the most qualita- 
tive and unscientific of human experience such as are to be found in the 
May, 1959 statement of the AEC General Advisory Committee2/ serve to 
document our pitiful ignorance in this vital subject-area. 

In view of present ignorance concerning the population-genetical 
effects of low-level irradiation, it is most gratifying to learn of 
recent completion of an extensive study that seems to provide, for the 


first time, some convincing biostatistical measures of genetic damage 


from natural background radiations. This study2/ which I shall refer 


to as the "New York study" for brevity, should be studied in full by 
all who can do so. Here, I want to give a brief summary of its methods 
and results for readers who may not have access to the medical journal 
in which it has been reported. I shall, in addition, discuss a number 
of ways in which I have tried to extend certain parts of the analysis 
of the New York study through use of statistical significance tests. 
In the New York study one finds, I believe, important new evidence 
that where "we've been living with this stuff for years", we've been 


paying the genetic price -- even though we haven't been aware of it. 


1/ See text published in Science, 129 (1959), p. 1413, especially 
items 5 and 6 of this statement. 

2/ J.T. Gentry, E. Parkhurst, and G. V. Bulin, Jr., "An Epidemiological 
Study of Congenital Malformations in New York State", Am.J.Public 
Health, 49 (1959), p. 497. 
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The New York Stud7 
The study had a curicus origin: The director of the Syracuse 
Yniversity Speech and HNeering Center, noting what seemed to him an 
"unusually large number of cleft palate patients" who were coming to 
the Center from a single county in northern New York, pointed out this 
observation to Dr. J. T. Gentry, a regional director of the New York 
State Department of Health. From initial study of vital statistics 
for this county Gentry found anomalously high incidence of not just 
cleft palate but cf several other types of congenital malformations in 
thie county; and, still more suspicious, this was peculiar to a number 
of contiguous townships within that county. With the aid of a statis- 
tician and a geologist, Gentry proceeded from these initial clues to 
an intensive study of distribution and etiology of congenital mal- 
formation throughout New York state (exclusive of New York City itself). 
The findings bear on the controversial fallout problem with a force 
not tc be found in radiobiological studies on mice, monkeys, or amoebae. 
Very briefly, what Gentry, Parkhurst, and Bulin did in the New 
York study was the following: First they analysed medical statistics 
for the period 198-55 to determine the statewide distribution of the 
frequencies of occurrence of all types of congenital malformations. 
Then they investigated various conceivable explanations for the non- 
random geographic distribution exhibited by these frequencies. The 
only..explanation their results seemed finally to support was the 
explanation that more babies were being born with malformations in those 
areas of the state where slirhtly higher than average radioactivity is 


present because of surface occurrence of granitic rocks or black shales 


or because of drinking-water supplies derived from radioactivity-rich 


groundwater strata. 
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Data from one anc a quarter million birth (or baby-death) 
certificates were initially examined to secure the basic facts. In 
this total sample, they found that about 16,000 individuals had been 
born with some kind of malformation, implying an overall mean mal- 
formation-rate of 13.2 per thousand births. Defects in the central 
nervous system or circulatory system accounted for about a third of 
these, with skeletal types next most frequent. Hare lip and cleft 
palate accounted for only a tenth of the total (ironical, in view of 
the origin of the study), with digestive tract and genitourinary systen 
defects and a small percentage of cases of Mongolism completing the List, 

In the course of the investigation, a provram of comprehensive 
family interviews by public health nurses was set up in field areas 
scattered throughout New York state. This program established the 
fact that there exists no significant correlation between malformation 
rates and factors such as socio-economic status, national stock, con- 
Sanguinity, dietary habits, or family medical history. Special attention 
was paid to incidence of rubella (German measles) in families with a 
malformation history, but no significant relation between areawise 
differences in incidence of rubella and areawise differences in 
incidence of congenital malformations was found. The overell result 
of the study was the conclusicn that the critical factor could 
scarcely be any other than soil- or rock-radioactivity anomalies. 

Only this factor showed uniformly strong degree of association with 
observed variations in malformation rates. 


In order to classify a given area (the township was the basic 


classification unit in the New York study) as "probable" or "unlikely" 


with respect to having above-normal radiation dosage rates, the in- 


vestigators evolved a scheme based on several types of geological- 


ot 
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survey data. A township fell into their "probable" category if it 
satisfied any one or more of the following requirements: 1) It 
contained well-distributed outcrops of igneous rocks or of black 
shales, both of which are relatively rich in the radionuclides 

K-O, Th-232, Ra-226, and U-238; 2) or the township lay in a river 
valley in the Allegheny Plateau of the southern half of the state, 
since earlier radiometric surveys had indicated that such valleys 
often contain detrital materials capable of producing above-normal 
activity in water supplies; 3) or the township included terminal or 
recessional moraines lying less than 25 miles south of outcrops of 
igneous rocks or black shales so that glacial transport might be 
expected to have brought in significant radioactivity in the glacial 
debris. In all cases, a township had to have half or more of its 


entire area within the "probable" category in order for that township 


to be termed "probable”. 


Some Findings 

If lithology of surface outcrops and soil materials were an 
underlying factor in the etiology of the malfa- mations, this factor 
might, the investigators reasoned, be expected to produce the most 
marked differences in those areas where residents are more exposed 
to natural materials, namely in the rural areas. Analysis confirmed 
this. 

Thus, for just the rural areas (552,238 live births, including 
7,44 malformation cases in the 8-year period), the overall mean mal- 
formation rate per thousand births was found to be 13.5 (as contrasted 
with the urban rate of 12.9). In the "probable" rural areas this 
rate rose to 15.8; in the "unlikely" rural areas it fell to 12.9. 


When the investigators separated from all the "probable" rural areas 





2406 FALLOUT FROM NUCLEAR WEAPONS TESTS 


just those overlying igneous bedrock, the resulting subsample exhibited 


a rate of 17.5 (406 malformations in 23,223 births for the subsample), 


Thus if we contrast igneous-bedrock "probable" areas vs. all "unlikely" 


areas in rural New York, we find the former displaying an incidence of 
congenital malformations that is 36 per cent higher than the latter, 
a rather startling result. 

As one examines the New York study, he is repeatedly impressed 
with the way in which the differences in malformation rates between 
"probable" and “unlikely” areas manifested themselves no matter how 
the data were subdivided and reanalysed. For example, the findings 
showed that out of nine subtypes of malformations, the "probable" 
areas exhibited higher rates than the "unlikely" areas in eight sub- 
types, while in the ninth (Mongolism) the two rates were identical. 
Similarly, the study revealed that on subdividing the entire stite into 
six subregions and tabulating comparative rural-area malformation 
rates for “probable” and "unlikely" areas, there appeared uniformly hij 
incidences in the "probable" sections of each one of the six subregions, 
It is worth note that the largest difference appeared in the "Adirondack 
Highlands” subregion, where "probable" areas averaged 17.8 while 
"unlikely" areas averaged 12.1 malformations per thousand births. 

Thus the "probable" areas ran some 7 per cent higher in malformation 
incidence than the "unlikely" areas in the Adirondacks. This maximal 
subregional difference stands in striking agreement with the investi- 
gators' map of distribution of types of rock outcrops in the state, 
for the Adirondacks subregion is almost coextensive with New York's 
igneous-bedrock region. 

Proceeding on still another tack, the investigators examined the 


occupation of the fathers of children born in rural areas in 20 non- 
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metropolitan counties in just the single year 1952 (total sample, 
about 14,000 births). By far the strongest father-occupational con- 
trast in malformation rates between “probable” and “unlikely” areas 
occurred for children born of "farmers or farm laborers". The size of 
this particular subsample was small (2,559 births for the combined 
categories), but the difference cannot easily be put aside, for it 

is very large -- 21.6 in the "probable" areas as contrasted with 


only 12.) in the "unlikely" areas. 


Statistical Significance? 


It is very much in order to ask whether these and other interest- 
ing differences in malformation rates reported in the New York study 
might have arisen as a result of merely random sampling fluctuations. 
That is, we mst ask, "Are these differences really statistically 
significant?" 

With only a single exception, the authors of the New York study 
did not make significance estimates for the stated (but to me unclear) 
reason that the binomial distribution would yield too-low standard 
errors. However, noting that not only in the major subdivisions of 
their data but also in even their smallest subsamples the numbers of 
cases involved satisfy the usually accepted requirement2/ for applica- 
tion of the standard test for the significance of the difference be- 
tween two proportions (based on the normal distribution as the large- 
sample limit of both binomial and Poisson distributions), I have pro- 
ceeded to use this test to assess the significance of the difference 
between pairs of malformation rates for all of the most important com- 


parisons in the New York study. I shall summarize my results here 


3/ Particularly explicitly put in J. F. Kenney, "Mathematics of 


Statistics", Part Two, Van Nostrand (1942), p. 12C, 


lll 
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to the extent that they shed further light on the main issues raised by 


the studyl/, 


First, it is of broadest interest with respect to the entire 
study to ask whether we can attach statistical significance (in 
the sense of rejection of the null hypothesis) to the reported differen: 
in malformation rates between "probable" and “unlikely” rural areas 
as a whole, i.e., 15.8 and 12.9 per thousand births, respectively, The 
standard error for this difference is found to be 0.37 in units of 
malformetions per thousand births, while the observed difference in 
rates was 2.9 per thousand, or 7.8 stancard errors. Ordinary tables 
of the normal distribution do not extend to limits permitting one to 
read out an exact value of the probability of chance occurrence of 
so larce a ratio of difference to standard error, but the tables show 
that it is well below 107°, By contrast, it may be noted that it 
is conventional to describe as "statistically significant” a difference 
that is associated with a probability of 0.05 or less of having arisen 
solely from random sampling flucturtions. The primary reason that such 
an extremely high degree of statistical significance may be attributed 


to the 15.8 vs. 12.9 rate-difference is simply that it has heen derived 


L/ Throughout the remainder of the discussion, I refer only to signif- 
fcance tests of the null hypothesis that the observed differences 
in malformation rates arose simply by chance in sampling from hypo- 
theticeal parent vopulations of zero mean rate-difference. Because 
tne assignment to "probable" or to "unlikely" areas implies a pre- 
diction of the sign of the difference in rates, the one-tailed test 
will always be appropriate. The reader who may seek precise identi- 
fication of the test used here will find it, for example, in L. Cohen, 
"Statistical Methods for Social Scientists”, Prentice-Hall (1955), 
5,258. 
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from an extremely large sample, a sample comprising over half a million 
babies. (For the entire New York study sample of 1,242,7) births, the 
"probable" vs. "unlikely" difference, 15.1 minus 12.8, equals 8.2 
standard errors! The urban areas, i.e. incorporated places of over 
2,500 population, with a total of 690,090 births, gave rates of 1.1 
vs. 12.8, the difference being significant at the 0.001 level.) 

This very impressive significance level is not seriously altered 
even wnen one subdivides the "probable" areas into two smaller sub- 
samples that are of present interest: Comparing just those "probable" 
areas overlying igneous bedrock with all "unlikely" areas gives rates 
of 17.5 and 12.9, respectively, and for this comparison one computes a 
level of significance of about 107". The null hypothesis is again 
rendered almost inconceivable. The other two of the three categories 
of "probable" areas when lumped together (river valleys in Allegheny 
Plateau plus glacial drift areas near active outcrops) and set off against 


the set of all "unlikely" areas yield comparative rates of 15.4 and 


12.9, respectively; and, due to larger sample size, this smaller 


difference also proves to be significant at the 1077 level. 


It was pointed out earlier that of nine subtypes of congenital 
malformations, all but one (Mongolism) exhibited higher incidence in 
“probable” than in "unlikely" rural areas.. This near-uniformity in 
the sign of the difference is itself a qualitative indicator of 
Significance. I find that almost all of the differences are, in 
addition, quantitatively significant, and this despite the relatively 
small rate-differences that arise within subtypes. For example, for 
the subtype of circulatory system malformations (most frequently re- 
ported subtype in the New York study) the difference between the rates 


of 2.61 and 2.15 per thousand proves to be significant at the 0.002 level. 


42165 O—59—vol. 3-29 
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The subtype made up jointly of hare lip and cleft palate, the subtype 


that might be said to have provided the tipoff to the entire study, 
gave overall rates of 1.58 snd 1.21 for which the difference is 
significant at the 0.001 level. Other subtype significance levels 
for rejection of the null hypotheses are as follows: Central nervous 
system 0.0; skeletal system (club foot) 0.0002; digestive system 
0.008; genitourinary system 0.003; bones and joints 0.02; and other 
unspecified malformations 0.0003. Aside, then, from Mongolism, all 
eight subtypes exhibited statistically significant rate-difrerences, 
On testing the null hypotheses concerning comparisons within the 
father-occupational analysis, I found that four out of five were non- 
significant (all four significance levels in question lay above 0.25), 
This may be due partly to the small sample size, since this analysis 
was based on only a 20-county sample for only one year (1952); but 
I believe, as I shall elaborate below, that it may also reveal real 
differences in exposure rates. Unlike the other four subclasses, in 
the occupational subclass of "farmers and farm laborers", the very 
striking rate difference of 21.6 for families in the "probable" areas 
vs. 12.4 for families in the "unlikely" areas proved significant at 
the 0.03 level. Tending further to support the view that farm families 
comprise an unusually exposed group, I found that comparing farmers 
against all other occupations within just the "probable" catesory alone 
(21.6 vs. 15.5) gave borderline significance at the 0.07 level. And, 
still compatible with the basic finding of the study, this last kind 
of conparison, when made within just the "unlikely" category gave very 
different results -- the rate for children of farmers is then found 
to be 12.4 while that for children of fathers in all other occupations 


is actually higher, 13.6, though the negative difference is non- 
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significant (0.35 level). It would seem that farm families may be 
carrying a disproportionate share of the genetic burden that shows 

up in the various rate-differences throughout the New York study. Hence 
a redesign of the basic analysis might yield even more startling 
differences between, say, geographical subregions, or between mal- 
formation subtypes, if broken down systematically into farm versus 
non-farm families. But the study, as it now stands, already goes 

very far toward pointing out the farm baby as singularly unfortunate; 
Farm babies in "probable" areas are over 70 per cent more likely to 

be born with malformations than are farm babies in "unlikely" areas, 
judging from this sample, with the odds being over thirty to one that 
this excess is no mere play of chance. Furthermore, farm babies in 
"probable" areas are about O per cent more likely to be born with 
malformations than are all other babies in just these same "probable” 
areas, the odds being about fourteen to one that chance alone could 
yield so large a rate-difference. This latter finding deserves 
follow-up study employing much larger samples to assess its significance 
more adequately, for it is this 4O per cent excess that particularly 
bears on the relative exposure hazard for farm families. 

Another part of the New York study wherein significance-testing 
turns up clues to potential refinements of analysis at the same time 
that it confirms the suspicion that the natural background dosage 
is causing significant numbers of deleterious mtations is the 
portion of the study dealing with the role played by drinking-water 
supplies. Without elaborating hydrologic details, it should be 
evident that for a given concentration of soil and rock radioactivity, 
human dosage rates ought to run higher for communities where drinking 
water comes from wells and springs than for commmnities deriving 


their water from large lakes or rivers (minimal contact with bedrock 


and soil minerals), To test this and related questicns, Gentry and 


-10- 
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co-workers examined malformation-rate data for 555 incorporated New 
York commnities of under 10,000 population served by public water 
supplies (total sample about 201,000 births). 

Comparing malformation rates just within the "probable" 
catecory alone, we find that for communities depending on wells or 
springs the rate is 16.9 while for commnities also in "probable" 
areas but deriving their water supplies from lakes or rivers the rate 
is only 12.4. This difference is significant at about the 0.001 
level. This same type of comparison made entirely within "unlikely" 
areas gives 12.9 for communities using well- or spring-water and 11.9 
for communities using lake- or river-water; and this much smaller 


rate-difference yields, by contrast with that for “probable” areas, 


a 0.10 significance level. Briefly, malformation rates run significantly} 


higher among populations drinking well- or spring-water if the wells 
or springs lie in areas characterized by above-normal ground-radio- 
activity, but malformation rates are not significantly higher among 
populations drinking well- or spring-water in areas of generally low 
ground-radioactivity. Since these results are based on many tens of 
thousan’s of births scattered through many different New York 
communities, they would seem to constitute a meaningful rebuttal to 
the implied claims contained in the AEC General Advisory Committee's 
May, 1959, statement cited earlier here. 

The same water-supply data can be reexamined in another way: 
Among all communities depending upon wells or springs, the mal- 
formation rate for "probable" areas, 16.9, differs from the rate for 
"unlikely" areas, 12.9, by an amount highly significant at the 0.0001 
level. Tis comparison only strengthens our suspicions that the mal- 
formation rate-differences in question are significantly influenced 
by mutagenic effects of ingested radionuclides. But when we look at 


the same type of comparison for just the communities dependent upon 


=ll- 
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lakes or rivers, the small difference between the "probable" areas' 
12.4 and the "unlikely" areas’ 11.9 is not found to be significant 
(0.34 level). Considering these two intercomparisons solely from the 
viewpoint of dosage due to ingested water, both are reasonable; but 
considering the latter intercomparison more broadly. we are led to 
ask why we don't find a modest but at least significant difference 
between malformation rates for "probable" vs. "unlikely" areas here, 
too. Why, that is, doesn't terrain radioactivity alone yield a 
significantly higher malformation rate in these particular "probable" 
areas? 

If a full answer can be given to this auestion it will be very 
valuadle information; but without direct access to all original data, 
one cannot decide this importent issue. Taken by itself, the last of 
the above significance tests would suggest that mere presence of rock- 
and soil-radioactivity in an area will not insure anomalously high 
malformation rates. Instead, this last comparison indicates that, for 
mutagenic effects to occur, potential parents must actually be drinking 
water that has had good opportunity to leach out and ultimately trans- 
port the mutagenic radionuclides into their bodies. Clearly, here is 
an important point to settle. 

Finally, we may consider significance of rate-differences within 
geographical subregions. For the Adirondacks Highlands, with rates of 


17.8 vs. 12.1, the odds are about a million to one against so large a 


-6 
difference arising solely by chance (significance level 10 ). But, 


in strong contrast, the Catskills-Pocono Highlands subregion (1):.2 vs. 
14.0) gave a sigaificance level of 9.12; so here we may not very safely 


reject the null hypothesis. In the Northern Allegheny Plateau subrecion 
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(16.1 vs. 14.6) the significance level of 0.06 was almost but not 


quite below the 0.05 Limit. 2/ The Northwestern Allegheny Plateau 


Border rates were 15.2 vs. 13.7 with a significance level of 0.1lh; 
so here we may not quickly reject the null hypothesis, either. The 
Erie-Ontario-Mohawk Plain subregion, however, exhibited rates of 
14.8 vs. 12.1, differing by an amount significant at the 0.001 level, 
Finally, the sixth subregion, Hudson Valley and Long Island, with 
rates of 15.4 end 13.2, gave significance at the 0.07 level, again 

a bit above the usual limit for rejection. 

I believe that the heterogeneity of the subregions with respect 
to significance levels contains an important clue to possible 
methodological improvements, for the scheme of classification of 
areas as "probable" vs. "unlikely" systematically loses its sharpness 
with certain portions of the state of New York. Although only 
detailed study of the original geologic end biostatistical data would 
permit a final opinion, I suspect that the investigators! "river valley’ 
criterion for "probable" areas may be weak. This could account for 
the less impressive significance levels noted above for the Catskills- 
Pocono Highlands ani for the Northwestern Allegheny Plateau Border 


subregion. 


S/ Perhaps, for benefit of any readers unfamiliar with the rationale 
of significance testing, it should be emphasized that there is really 
no magic in using 0.05 as a rejection limit for null hypo- 
theses. Statisticians have come to use this as a reasonably 
conservative requirement for run-of-the-mill problems. In a 
problem whose human import is as great as that of the venetic- 
damage problem, gain-loss-risk arguments should probably dictate 
a limit of rejection of our null hypotheses nearer 0.50 than 0.05] 


Put technically, we wish to avoid a Type II error here. 


-13- 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


Exposure of Farm Laborers 

Why should the difference in malformation rates between "probable" 
and "unlikely" areas be so very significant not only in the Adirondacks 
Highlands with their widespread outcrops of silicic granites known to 
have above-normal activity, but also in the Erie-Ontario-Mohawk Plain 
that is almost devoid of igneous outcrops and that has only sparsely 
exposed black shales? I believe careful consideration should be given 
the hypothesis that t is latter significant difference arises through 
the interplay of two factors: First, the Erie-Ontario-Mohawk Plain 
contains a large fraction of the agricultural land in New York and, 
secondly, as emphasized above, there exists a noticeably greater 
tendency for malformation-births to occur in families of farmers and 
farm laborers than in families of any other occupational subclass. 

Unable to secure actual rural-urban population figures for the 
New York counties in question to check the first factor, I have 


examined the less conclusive matter of per cent of land in cultivation. 


From a recent agricultural census’/ , I found that 27 per cent of all 


land falls in the category of "cropland harvested" in the eleven 
counties lying entirely within the Erie-Ontario-Mohawk Plain subregion, 
with peak countywise percentages of about 0 per cent occurring in 
Orleans, Niagara, and Genessee counties. By way of rough comparison, 

I tallied the corresponding figures for the eight counties in the 
Adirondacks subregion for which the New York study maps indicated 
igneous bedrock to be present over about three-fourths of the county 
6/ Dept. Commerce, Bur. of Census, "1954 Census of Agriculture”, 


Vol. 1, part 2, pp. \4y-h9. 


i 





2416 FALLOUT FROM NUCLEAR WEAPONS TESTS 


and obtained the result that only 8 per cent of this land is in 
"cropland harvested". These figures may at least serve to support 
crudely the statement that the Erie-Ontario-Mohawk Plain subregion is 
relatively heavily farmed. 

As to the above-normal exposure of farm families to background 
dosage, the malformation-rates have already spoken for themselves. 
As to the actual mechanism of this exposure, two quite different 
possibilities exist: We might argue that farm men and women are 
outdoors a great deal and that the men who actually do field-cultiva- 


tion are particularly exposed to terrain radioactivity. This may, in 


fact, be the primary factor. However, as a second possibility, we may 


recall the fact that in the significance-testing of the rate-differences 
arisine in the data-breakdown with respect to nature of drinking-water 
supplies it was noted that malformation rates were not significantly 
higher in "probable" areas than in "unlikely" areas so long as we drew 
the comparison entirely within commmnities deriving their water from 
lakes and rivers, whereas a highly significant difference arose for 
the same kind of comparison as soon as we compared communities de- 
pendent upon wells and springs. Now it seems entirely safe to assert 
that "farmers and farm laborers" and their wives must derive virtually 
all of their drinking water from wells or springs in upstate New York 
just as do farm families elsewhere. Hence it is a rather attractive 
hypothesis to suppose that the surprisingly high significance of the 
rate-difference between the "probable" vs. "unlikely" areas within 
the Erie-Ontario-Mohawk Plain results from the fact that, despite 
general scarcity there of highly radioactive rocks or soils, wherever 


these do occur (i.e., wherever a "probable" area does actually exist 
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within this subregion), there will probably be farmers living nearby 
and these farmers will be deriving their drinking water supplies from 
a well or spring that insures relatively high dosage for themselves 
and their wives. This speculation warrants careful check. If, in 
contrast to the above hypothesis that seems rather nicsaly to fit 
together a number of findings, farm-family malformation rates run 
high due to actual terrain-exposure attending field cultivetion, we 
badly need to know this. Any survivors of a major nuclear war would 
probably be cultivating, for some years after such a war, fields 
contaminated to levels far exceeding eny now existing in New York, 
and these few survivors would be cultivating them with the most 
primitive of techniques guaranteeing very much greater body exposure 
than is typical of today's tractor-borne farmer on the Mohawk Plain. 
My suspicion, however, is that the water-supply hypothesis is the 


correct key to understanding the results for the Erie-Ontario-Mohawk 


Plain. 


Why New York? 

It is pertinent to ask whether there is something about the 
geology of New York that renders its "probable" areas unusually rich 
in mutagenic radiations. 

As a meaningful, though indirect, indicator of the widespread 
occurrence of surface deposits that must msintain local dosage rates 
at levels mich more detrimental to the residents than coes the radio- 
activity of New York's most active areas, one should consider the 
implications of the newly-developed technique of airborne radiometric 
surveying. Using the best larze-volume crystal detectors and flying 


only a few hundred feet above terrain, this techniaue succeeds only 


when there exist surficial anomalies of radioactivity amounting to 
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about 20 ppm evl/, Since "typical granite” constitutes a background 
with about 10-20 ppm eU, we can say that esirborne surveying depends 
upon existence of positive excesses of about 100 per cent of normal 
granitic background. From limited radiometric data contained in the 
New York study one infers that the more active New York areas give 
dosage rates very close to "typical granites", and absence of major 
fissionable-material mining operations in New York tends to confirm 
this. Considering these points, then, we can say that airborne 
detection of the important radiometric anomaly fields near Grants, 
New Mexico, in the Wind River Basin and other Tertiary basins of 
Wyoming, in the Maybell-Lay district in northwestern Colorado, in 
the Edgmont district of South Dakota, and in numerous other parts of 
the western United States attests to the existence of many creas that 
must considerably exceed upstate New York with respect to intensity 
of mutagenic radiation fields. 

Similarly, the black shales used as one of the criteria for the 
“probable” areas in the New York study are relatively common. Uranif- 

erous shales and slates in Kentucky and Tennessee (Chattanooga 

shales), Ohio, and Michigan are cases in point. 

Lastly, as a rather different means of showing that New York 
state is not at all likely to represent an extreme case, I have 


tabulated nationwide figures on infant deaths due to congenital 





7/ Re Me Moxham, "Geologic Evaluation of Airborne Radioactivity Survey 
Data", 2d U. N. Int. Conf. on the Peaceful Uses of At. En., Geneva, 
A/Conf.15/P/1907, (1958). The unit "ppm eU" represents "parts 


per million equivalent uranium”. 
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malformations&/, A pilot-run showed the rates to be surprisingly 
stable between years, so I tallied only a single year's statistics 
(1955). Using 1955 Bureau of Census state-population estimates as 

a simple but adequate basis for normalization, I computed and ranked 
the incidence of infant mortality prior to age one year wherein 
death was attributable to any type of congenital malformation. 

The most interesting single item of information so gleaned was 
the result that New York is nowhere near the top in infant death-rates 
due to congenital malformations: It is, in fact, thirty-ninth from 
the top amons the states, with a rate of 88 deaths in 1955 per million 
total population. Highest on this list was New Mexico with 129 such 
deaths per million. The nationwide average was 95 per million. 

Lowest death rate due to malformations for 1955 was 73 per million 
total population in Arkansas. 

Six of the seven highest states (New Mexico, South Dakota, 
Arizona, Kentucky, Colorado, and Michigan) are states with abundant 
granites or other surficial radioactivities, but whether this has 
real significance I cannot say. One must be careful to keep in mind 
that abundant sources of potential human dosage will not actually 


affect vital statistics significantly unless the sources occur in 


8/ In the New York study four-fifths of the malformation data came from 


direct tabulation from birth certificates, and only one-fifth from 
baby-death certificates. I found vital statistics published only 
for deaths due to malformations, and hence limited my tabulation to 
pial Pian complete but accessible type of information. Ref- 
erence: U. S. Dept. of Health, Ed. and Welfare, "Vital Statistics 


of the United States", (1955), Vol. 1, pp. 350-366. 
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areas of relatively high population density. Nevada, next to the 

lowest on my list, is a case in point: A map of areas aerial-radio- 
metrically surveyed by AEC flight groups2/ shows that of the 13,000 
square miles so surveyed in Nevada most of it is well away from that 
state's half-dozen communities of any appreciable size. Colorado's 


surveyed 11,000 square miles and New Mexico's surveyed 9,000 square 


miles do, on the other hand, overlap significantly those two states! 
y 


areas of relatively high population density, and it may then be more 
than coincidence that these states rank very high with respect to 
infant deaths due to congenital mal formations+2/ , 

In all, it would appear that New York is by no means unusual 


with respect to its terrain radioactivity. There should be many areas 


T. L. Boyle, “Low-level aerial radiometric surveying in the U.S.A." 
2d U. N. Int. Conf. on Peaceful Uses of At. En., Geneva, A/Conf.15/? 
(1958). 

Still further evidence that moderate natural-background anomalies 
discernibly influence mtation rates may underly the fact that a 
puzzlingly high rate of premature births end of babies of subnormal 
weight has been reported for 11,000-ft.-high Lake County of 
Colorado. Cosmic ray flux would run about 50-60 mr/yr higher at 
such altitudes than at sea level, and AEC maps show that aerial 
radiometric surveys were run in an area overlapping the southeastem 
part of Lake County, so a local dosage rate upwards of 200 mr/yr 
seems entirely conceivable. See U.S, Dept. Health, Ed. and Welfare, 
"Public Health Reports", 70 (1955), p. 230, for data on Lake County 


natal anomalies, including thrice-normal incidence of premature birth 
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of the country within which replications of the New York study might 
be expected to reveal even larger malformation-rate differences than 


Gentry, Parkhurst, and Bulin have found in upstate New York. 


Conclusions 

The New York study seems to show, with an impressively high 
degree of statistical significance, that rather ordinary degrees of 
departure from average background dosage yield roughly proportional 
departures from average in the associated congenital malformation 
rates. Some of the most pertinent rate-differences are significant 
at the level of million-to-one odds that pure chance could not have 
produced such large differences as were observed. The basic reason 
for the high significance of results of the study is thst it is very 
much a large-sample study. Its basic data (a million and a quarter 
births) were an order of magnitude more numerous than those used in 
the joint American-Japanese study of births to parents exposed at 
Hiroshima or Nagasaki, and rival the sample-sizes of even the Oak 
Ridge mice factories. 

New York is not a state with any unusual abundance of surface 
radioactive materials. Geologic and radiometric-survey data would 
lead one to expect that many other regions within the United States 
must be characterized by local dosage rates well above those in the 
more active areas of New York. Biostatistical analyses should be 
carried out to check the prediction that deleterious mutations are, 
in such other regions, also significantly increasing the rate of 
births of malformed babies. That such a prediction is not rash is 
suggested by the fact that New York was found to rank thirty-ninth 
in 1955, among the forty-eight states with respect to infant desth 


rate associated with congenital malformations: New York is no hotbed 
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of radioactivity as the states go. 

Farm families exhibited the greatest differences (70 per cent 
excess, significant at the 0.03 level) with respect to freauency of 
malformed children in "probable" vs. “unlikely” areas of New York. 
This occupational hazard of relatively heavy exposure to radioactivity 
may explain the surprisingly high degree of statistical significance 
for the observed difference in malformation rates between "probable" 
and “unlikely” areas within the highly agriculturalized Erie-Ontario- 
Mohawk Plain subregion of New York. The most plausible explanation 
for the anomalous exposure of farm families in general seems to be 
that farmers derive drinking-water supplies from wells or springs. 

In groups that drink well- or spring-water in areas of above-average 
radioactivity, malformation-rates tend to run significantly above 
average, as the New York study shows. 

In all, the chief significance of the New York study resides in 
the fact that it shows, with unprecedented cogency, that where "we've 
been living with this stuff for years" the genetic price has been 
paid in the currency of handicapped lives. There is urgent need to 
secure much more extensive quantitative data, in the New York area 
and in other areas, with respect to actual dosage rates due to in- 
gested water or to terrain redioactivity. It would now appear that 
such data plus large-sample malformation-rate data can provide the 
desperately needed yardstick with which to measure the true dimensions 
of the population-genetical consequences of worldwide fallout due to 


nuclear weapons. 
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APPENDIX G 
CARBON 14 


RADIOACTIVE HAZARDS FROM CLEAN HYDROGEN BOMB AND 
FISSION ATOMIC BOMB EXPLOSIONS 


by O. I. Leipunsky 
(United Nations translation with minor corrections) 

The author estimates the hazards to mankind of the long-lived radio- 
activa substances dispersed throughout the world after the axplosion of an 
ordinary (fission) bomb and a pure hydrogen (fusion) bomb, The pure hydrogsn 
bomb considered in this article is of the dentero-tritium variety. 





He calqnlatea the radiation doses to the gonads and bones, the corres-- 
ponding umber ef children born suffering from hereditary diseases and 
the number of cases of lenkemia (cancer of. the blood). The active agents 
are C-14 and H-3, in the case of a hydrogen bomb, and Sr-90, Cs-157 and C-14 
in the case of an ordinary bomb, ‘The distribution of radioisotopes in nature 
and in the organism is taken into account, Cases involving surface hydrogen- 
bomb explosions are also discussed, The total energy of radioactive decay of 
the products of a deutero-tritium bomb explosion is three times greater than 
in the case of an ordinary bomb, Tha radiation dose to the tissues and the 
mmber of persona affected thraighout the whole period of radioisotope decay 
in the explosion of both types of bombs of anergy equivalent to 10 megatons 
of TNT are approximately the same and are.as follows (in round figures): 


Deutero-tritium Ordinary bomb 
bomb 

dose to the tissues $0,000 x 10-Sr 40,000 x 10-5r 
dose ta the bones §0,000 x 107% 88,000 x 1075 
number of Mutants 

(per 2.5 x 10° persons) 50,000 40,000 
mumber of cases of leukemia 

(per 205 x 109 persons) 15,000 26,000 


Thus, as regards the amount of radiation damage it causes to mankind, @ 


pure hydrogen (deutero-tritium) bomb cannot be regarded as less dangerous than 


an ordinary bomb, 
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Every large atomic explosion causes damage not only in the area and at the 
time of the explosion, but. throughout the world and for hundreds and thousands 
of years after the explosion. 

The long-term effecta of an atomic explosion area due to the radioactive 
substances which are formed during the explosion and are acattered fairly 
uniformly throughout. the wrld, 

The purpose of this paper is to evaluate the relative hazards of the 
explosion of an ordinary bomb, i.e. a fission bomb, and that of a pure hydrogen 
(deutere-tritium) bomb, on the basis of the calculation of the radiation doses 
and the mumber of cases of specific damage caused by the radioactive products 
of these explosions. ‘he atutiy covers the effects of the radioisotopes scattered 


throughout the world; their effect in the area of the explosion is not considered, 


1. Basic biological and physical data 
Quantitative criteria of the hazard 

Pretracted exposure to small doses of radiation is characteristic of the 
case under consideration, The most significant harmful effects (of those 
studied) of protracted exposure of this kind are the génatic consequences and 
the appearance of malignant neoplasms. A quantitative appraisal can be made 
with regard to the mmber of mtant births (i.e. the mmber of infants born 
with characteristics die to mtant genes) and of one type of malignant neoplasm, 

namely, leukemia (so-called cancer of the blood). 

The mumber of mutant genes that appear as the result of irradiation may be 
determined by reference to. the genetic. equilibrium whi¢h has been established 
through the constant exposure of the human organisms t6 natural radiation: the 
number of mtant genes eliminated through the death of mtants without offspring 
is equal to the sumber of new mtants formed by the effects of the radiation, 


the mmber of mtations being proportional to the radiation dose. 


one 


cen 
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For geneticists it is an established fact that 2 per cent of all children 
are born with serious hereditary diseases, i.e. mtant genes appear in 2 per cent 
of all births (1). It is cautiously estimated that about 10 per cent of these 
cases are due to-expésure to natural radiation at a rate of 0.18 r/year, or 54 
r over a period of 30 years, i.e. the number of mtants produced by natural 
radiation is equal to 2 x 107* x 10 x 107% 2 per mille of total births from 
one person. The coefficient. of proportionality between the dose and the per— 
centage of mtant births is: 


2x 19-5 xy 4.x 10-* mtants/l birth x 1 r. 
— 


In order to determine the number of mtantsa per person in this calculation, 
the resultant percentage of births mat be miltiplied by the number of births 
from one person throughout life, i.e. by 5 x 10-* birth/year x 30 years 


1 birth/person.* 


Tms the ceefficient of proportionality between the member of mtants and 
the dose received by thei person is: 


N, = 4 x 10~* proportion of mtants/births 1 r x 1 birth per person 


= 4x 10% mitants/persons x 1 r, 

Tae number ef mtants is equal to the product ef the number of births Ny, 
the mumber ef persons irradiated and the radiation dose to the gonads,** 

Leukaemia is induced particularly by irradiation of the bones. ‘The 
probability of induction is proportional to the average radiation dose to all 
bones and is equal ta 2x 10~® cases per year per person per 1 r (2). Thus 
& given radiation dose will induce the follewing mumber of leukaemias, calculated 


per person: 


* It is assumed that the anmal birthrate is 30 per 1000. 


** According to. other and also reasonably acceptable figures, the proportion 
of mtants to the total number of births is 4 and not 2 per cent, and the 
proportion of mtations induced by the natural radioactive background is 
25 per cent; in this case the mumber of genes destreyed will be four times 
greater than the figure calculated in this paper, 


42165 O—59—val. 3-30 
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2x 107° cases x 60 years 
year x persma xir 


= 1.2 x 107 c 
persm xir 


The number of leukaemies is equal to the prodct of K,, the number of 
persons ari the radiation dose to the bones. 

Other possible harmful effects are not taken into account as quantitative 
criteria for their calculation are not available 
Basic physical data 

The pure hydrogen bomb referred to is assumed to be a deutero-tritium bomb, 
in which the following reaction takes place: 


. 2 —~ .Be* +- n ¢ 17.6 Mev. 


1 1 2 


2 Z 
Ten single ;H + 4H reactions correspond to an energy release of 180 Mev., 


equivalent to the energy of one single fission. In a fusion explosion 10 neutrons 
are emitted per 180 Mev., as against 1.5 neutrons in a fission explosion. The 
neutrons emitted are captured by the nitrogen in the air to form C-14 by the 
reaction ni4 (n, p)C-14. In a pure hydorgen bomb explosion allowance is made for 
C-14 in the amount of 10 atoms per 180 Mev. of energy and for residual H-3 in the 
amount of 1 atom per 180 Mev. of energy. 

In a fission explosion, the radioactive products of significant importance 
are Sr-90 (4.6 x 10°? atoms per 180 Mev. of energy), Cs-137 (6 x 1072 atoms per 
180 Mev.) and :C-14 (1.5 atoms per 180 Mev.). In a fission explosion one-seventh 
as much C-14 is formed per unit of energy as in the case of a pure hydrogen-bomb 
explosion. 

Table 1 gives the characteristics of an ordinary bomb and a pure hydrogen- 
bomb explosion equivalent in energy to the detonation of 10 mgt. of TNT* 


Table 2 shows the characteristics of the radioactive products of the explosion. 


* 10 mgt. of TNT - 10 megatons of trinitrotoluol (trotyl) - 10!3 large calories. 
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Table 1+ 
Reaction products of a 10 magaton-equivalent. explosion 


Ordinary atomic Pure hydrogen 
bemb axplosien bomb explosion 


Number of fissions. 1.45 x 1027 = 


Number of H% HO reactions - 1.45 x 10% 


Number ef neutrens released 22x 10?” 1645 x 108 


Amount and disintegration energy of Sr-90 6.7 x 1025 atoms 
10* ¢. 
2.43 x 10° curies 
6.7 x 1025 Mev. 
Amount: and disintegration energy of Cs-157 8.7 x 10° atoms 
1.57 x 10° curies 
7.10*> vev, 


Amount and disintegration energy ef C-14 2.2 x 102” atoms bed x 108 atoms 


Se2 x 10* g, 5 x 10° g, 


2.34 x 10° curies 1.49 x 10° curies 
11x 1076 Mev. 7.5 x 10*° Mev. 
Amount and disintegration enargy of H-5 1.4 x 10°” atoms 
rs 10° Be 
6.67 x 10” curies 
8.4 x 10° wev, 
Total amount ef radioactive products 5.27 x 10° curies 6.8 x 10’ ouries 


Energy of radioactive preducts 2.5 =x 1076 Mev. 7.5% 1026 Mev. 


* The quantities given in this and other tables without indication of source 
have been obtained from well-known published statistics, 
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Table 2 
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Characteristics of the radioactive products of an explosion 


Cs-157 


Decay period (years) 47.6 

Quanta energy and mean 
energy of beta particles 
per disintegration 
(Mev.) 


0.61» 


0.187 


Dose frem 1 atom to 1 g. - 
of tissue (rad.+*/year) 


Doss from 1o-22 curie to 
1 g. of tissue (rad/yr) 


Lal2 x 107* 


Ditte, to 1g. of bone 
tissues 


Number ef micromicrocuries 
to 1 g. of tissue 
releasing the maximum 
permissible dose 1.8 r/ 

year (Aay) 


Ditte, to the bones 


Number of micromicrocuries 
per gramme of carrier in 


the organism, releasing 
the maximum dose 
1.8 r/yearsue (A,,): 


To the bones 
To other tissues 


G85 x 104 


The mean energy released to 1 g. of tissue per 


Sr-90 C14 


40 8,100 


Nil Nil 


0.055 
2.05 x 10-45 


2.86 x 107" 


95x 10-2 


140 
x16 x 108 


allowing for 


disintegration, 
incomplete absorptien ef gamma rays in the organism, equals 0.6 Mev, 
++ Instead ef the roentgen which is equivalent te 95 ergs/g of water, the rad, 
orgs/g of tissue, 


equivalent te 100 
between them in calculations. 


+++ Since strontium is desposited 


-unequally _ 
tion may be 5 times greater than the mean. 


is used. No distinction will be made 


in_ bene tisme, the local concentre- 


st Here, by carrier is meant elements with similar chemical preperties: 
potassium for Ca-157 and calcium for Sr-90, 
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2. Method ef calculating the dose rate from C-14 and H-5 

C-14 and H-3 are always present in mature. They are formed in the atmos- 
phere by the action of cosmic rays. The total amount of these elements is in 
equilibrin, ices, it is equal to the rate of formation miltiplied by the period 
of decay. The concentration of C-14 is uniform in warions compounds of living 
am non-living matter which contain exchange carbon. 

Water of atmospheric origin contains a specific concentration of H-5, All 
carbon-bearing matter (containing exchange carbon) on the surface of the earth 
contains a specific concentration of C-l4. Water and carbon, two constituents of 
the human bedy, should contain the same concentration of C-14 and H-3 as that in 
food stuffs. 

After an explosion, the tetal amount of C-14 and H-5 in nature will increase 
by Ifa times (A being the equilibrium amount of C-14 or H-5 present in nature 
sees explosion; AA is the amont of C-14 er H-3 formed during the explosion). 
As a result, a new equilibrium concentration of isotopes, 14 AA times greater 
than the prewieus concentration, will be established in cocmaliie and, consequently, 
in the tmman baly. 

Since the dose rate from radioactive isotopes in tissue is proportional to 
their concentration, the dose rate after the explosion will be i+ AA times 
greater than the rate frem the natural concentration of C-14 ani 8. 

let r, stand for the dose rate from the natural cencentration ef C-14 or H-5. 
The dose rate to the tiasues from radioactive isotopes formed during the 
explesion will thersfore be: 


rir, = Ab (2) 


Table 3 illustrates the incidence of C-14 and H-3 in nature, 
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Table 5 


Incidence ef C-14 and H-5 in nature 


Cala H-3 
Rate of formation in the atmosphere (g/year) 10 (5), (3) 100 (4) 
Tetal amount en the arth (in g.) A*# Slxi0® 1800 
Ditte, excluding the eceans (in the 
atmosphere, part ef the biesphere, rivers) &' 10 x 10° (3), 

(5) 

Relative increase in the amount of isotopes 
in nature as the result cof appre hydregen 


explosion, AA/A 4.1 x 1075 


Ditte, but only in respect of isotopes elsewhere 
than in the ecaana, AA/i’ 83 x 1075 


Natural atomic cencentration of isetepes 


in plants (C-14) and river water (H-5) 14 x lot OB x 19 
(3) (2) 


Equel te 2.7 neutrenea absorbed in the atmosphere per second over square 
centimetre ef the earth's surface. 


Obtained by ml tiplying the rate of formation in the atmosphere by the 
period. of decay. 


«e+ In systematic measurements, the increase in the amount ef H-5 in nature 
formed as a remit ef explosions should be noted. 


s+ Equal te 16 disintegrations of C-14 per mimte per gramme ef C-12 (5). 
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Table 4 
Dose rate frem natnral amounts of C-14 and H-5s in the tissues 


Number of atoms Number ef atoms Dese fren 1 aten Dose from the 


in 1 gramme of of radicactive te 1 gramme of natural amount 


tissue (6) isotepes in tissue r/year ef isotepes 
1 gramme of tissue Te, r/year 


H = @6 x 1022 5 x 105 Se$2 x 10-22 1.8 x 107° 
c -1x 10% 1.4 x 1010 2.05 x 19725 1.5 x 10°5 


>. External radiation from natnral C-14 frem CO, in the air gives a dose of 
10-6 r/year te the surface layers ani is. atrveqentid. 
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If it is assumed that the concentration of H-3 in the water medium of 
the organism is the same as that in river water, and that the organism con- 
sists mainly of water (hydrogen chemically linked in the tissues is disregarded), 
the amount of H-3 per gramme of tissue water can be found. We similarly assume 
that the concentration of C-14 in the body tissues is the same as that in the 
biosphere 

The composition of tissue and the value of r, are shown in Table 4 


By substituting in equation (1) the value of ro from Table 4 and the 


value of Aa from Table 3, we obtain the desired values for the dose rate to 
A 


the tissues from the radioactive products of 10 megaton pure hydrogen explosion 


If distribution in the air, the biosphere and the ocean is uniform, 
rci4 


ee > ne 2 1S x 3.9 7 2 tOl® cfyenr (2) 


1.5 x 1072 x 41x 10°97 = 6x 10°° r/year; 


The integral dose rate of internal radiation 1s 13 x 107 r/year 


In the case of decelerated mutual interaction with the ocean 


re 21.5% 1072 x 33 x 1072 = 50 x 10°° r/year; 


3 


rH> = 1.8x 10° 


x 290 = 523 x 10°° r/year (2') 
The integral dose rate of internal radiation is 573 x 10° r/year*, i.e. 


forty times greater than in the case of the rapid absorption of the elements 


by the ocean. 


The validity of this estimate is uncertain owing to the absence of data on 
the kinetics of the establishment of C-14 and H-3 distribution In calculat- 
ing the dose rate it is essential to know whether equilibrium with the ocean 
is established when the isotopes intermingle in nature. The ocean absorbs 
most of the C-14 and H-3 that is formed and removes it from the biosphere. 
Therefore, if distribution in the ocean takes place much more slowly than 
distribution in the air and the terrestial part of the biosphere, the total 
quantity of products formed will be distributed only in the atmosphere, rivers 
and the terrestial part of the biosphere, and the increase in their concentra- 
tion Boa, and, consequently, the dose rate will be correspondingly greater. 

A 


In future computations, only estimates based on the assumption that the radio- 
isotopes are distributed uniformly in the air, the biosphere and the ocean, 
will be used. 
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It should be noted that radiation from C-14 will continue and produce its 
effects for thousands of years after the explosion, whereas H-3, Cs-137 and Sr- 
90 will decay in a hundred years. To determine the effects on the generation 
during whose lifetime the explosion took place, it is essential to know the 
dose rates during the first fifty years; for this the kinetics of the absorp- 
tion of radioisotopes by the ocean are very important. However, for purposes of 
comparing the effects corresponding to the radiation dose (total number of 
mutations and leukaemias), the essential factor is the amount of the integral 
dose over the whole period of irradiation, which, in the case of C-14, is 
measured in thousands of years; for this reason it must be assumed that the 
radioisotopes are distributed uniformly in nature. 

Assuming that the fall-out of H-3 onto the surface of the earth will 
continue for the same period as that of Sr-90 (10 years) and allowing for the 
rate of decay of H-3, the dose from H-3 over the whole period of irradiation 


will be: 


H3 = 7x 10°°r x 11.6 years = 


= 81 x 10°°re, 


and from C-14 


cl4 = 6 x 10°°r x 8.1 x 10° 


© 49,000 x 107 °r. xx 
In the case of a fission bomb the dose from C-14 will be seven times less 


i.e. 7,000 x 107°r 


The dose is 1.13 times less over a period of forty years. 


The dose during the first forty years is 180 x 107°r, if it is assumed 
that the dissemination from the stratosphere is similar to that of 
Sr-90 (with a relaxation time of ~10 years). 





FALLOUT FROM NUCLEAR WEAPONS TESTS 


3. 


Method of calculating the dose rates from Sr-90 and Cs-137 

The following symbols will be used: 

Q(t) - the amount of the radioisotope deposited on the earth, corres- 
ponding to the complete precipitation of fission fragments as the result of 
a Q-megaton explosion; 

Qo - the amount of the radioisotope formed during the explosion; 

Tyg - period of decay of the radioisotope*; 

Te - period of fall-out to earth; 

Tes - effective period of fall-out from the stratosphere 


': =T ‘ 
(Tes The th Tf = 10 years) ;** 
Ta -Ts 


- period of elimination of the radioisotope from the body; 


- effective period of elimination from the body 


(Te, =T,° Tp ); 
Ty -T 


b 
v - quantity of the radioisotope which annually enters the critical 


organ in fall-out to earth corresponding to 1 megaton (in micromicrocuries/ 
year x megaton) ; 

q (t) - amount of the radioisotope in the organ (in micromicrocuries) ; 

M - mass of the organ, tissue or carrier element (in grammes) ; 

Ag, ~ maximum permissible concentration of the radioisotope at which the 
dose rate is equal to 1.8 r/year (in micromicrocuries per gramme of tissue) 
(see table 2); 

Adc - ditto, in micromicrocuries per gramme of carrier; 

* In all calculations e-periods are used to express the value of T, i.e. the 
time during which the original amount of the isotope is reduced e times. 
Little study has been made of the process of radiosiotope fall-out from the 


stratosphere. In the present state of knowledge it may be assumed, with 
Libby (10), that fall-out takes place exponentially with a period of ten yes 





. the 
es. 


om the 
ith 


ten yea 
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A, - ditto, without indication of units used (choice of units depends on 
the units ued to express M); 
a(t) - concentration of the radioisotope in the tissue (in micromicrocuries 


per gramme of tissue), 


a(t) = q(t). 
M 


The dose rate to the tissue is: 


r(t) = a(t) w 1.67% = a(t) 
A, year A.M 


The dose to the tissue is: 


D(t) = f= =- 1.8 x | qdt. 
AgxM 


q(t) will be found from the equation: 


dg =V¥Q- 95020 (et/E- evt/Tesy, 
dt Top ° 


q om Q, x Top wo £LG¥, 


-t/T 
Ty xe d 


Ta > Tep 
Ty Tor e t/Ty, 
tans: ue fn 
Ta ~ *ed ef ~ “eb 
On integration, we obtain; 


for Cs-137: Dog = _1.8 f x QoTe, x 39-3;** 
A, M 
d 
L. 
x 


for Sr-90: Dg, * x x Y x Q, x Te, x 32.2 


* In continuing tests q(t) « Vv Tep Q F(t). 


** The dose will be 1.5 times less over a period of 40 years. 
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The value of Y (the quantity of the radioisotope which annually enters the 
critical organ) may be found in two ways 

1 From experimental data on the quantity of the radioisotope deposited 
in the human body as a result of large atomic explosions since 1952 


If the quantity of the radioisotope in the organism, measured at time t, 


(beginning with 1952), is t), then by using equation (6b), we find ¥ oc ¥4 T 
eb 


(xt, : a » te, (8) 
” Qo FC) 350F (to) 


Since the experimental data relate not to a random explosion but to continuing 
tests, Q, in equation (6) must be replaced by Qo? which represents the maximum 
value of the fall-out to the earth in the case of tests of infinite duration and 
constant intensity (6b) It can be shown that in the case of Sr-90, to = 
350 megatons at a testing rate of 11 megatons per year 
2 From the known concentration of the radioisotope in the soil and the 
“protection coefficients" which govern the reduction in concentration during 
passage from the soil to the human organism, allowing for the fact that cesium 
enters the organism together with potassium, and strontium together with calcium 
Since the chemical properties of cesium and potassium, strontium and 
calcium are not completely identical, the proportion of the radioisotope in 
their carriers (potassium and calcium) in the soil and in the human body is not 


the same: 


Sr : Sr 
Ca tissue Ca ant = & 


where K is the integral protection coefficient (K e k) ko k3 ky; 
k) represents the soil-to-plant transfer, kz the plant-to-food (milk, meat, 
etc.) transfer, k, the food-to-blood transfer, and ky, the blood-to-tissue 


transfer). 
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It is obvious that the more calcium or potassium there is in the soil, the 
less there will be of the radioisotope in the body. The values for K may be 
extremely small (for strontium it is av 0.02): 

ft = AKm, (9) 
where A is the amount of the radioactive substance in micromicrocuries per gramme 
of the carrier present in a tilled layer of soil as the result of the world-wide 
fall-out of a quantity of the isotope corresponding to a l-megaton-equivalent to 
one megaton (the depth of a tilled layer of soil is assumed to be 10 to 15 cm); 
mis the consumption of the carrier element (K, Ca) by a person (in grammes per 
year). 

Calculation of the gonadal dose from Sr-90*. Experimental data obtained at 
the end of 1955 on the Sr-90 content of skeletons have been published (7). 

At the end of 1955 the average Sr-90 content of soil throughout the world 
was 3.2 millicuries per square kilometre (7) which is approximately equal to the 
total Sr-90 fall-out from a 10-megaton-equivalent atomic bomb explosion (2.9 
millicuries per square kilometre) At the same time the average Sr-90 content 
of bones throughout the world was found to be 0.3 micromicrocuries per gramme 
of Ca. This figure is for children up to four years of age in whom calcium 
exchange is most intensive and who had lived the greater part of their lives 
after the first large United States explosions (1952-1953) The figure is three 
times larger than the average for all ages, which is 0.1 micromicrocuries per 
gramme of Ca. 

In this case t, = 4 years; therefore F(t) = 0.0025. Substituting this 


value for F(t.) in equation (8), we obtain 
~ Tep * “~ = 
C °) 
0.3 g Ca M (t,) 


micromicrocurie 
350 x 5 


1 megaton/organism 


* The value of v is obtained by the first method described above. 
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where M(t.) represents the mass of the organ (the mass of calcium in the skeleton, 


in this case) at four years of age. Substituting the resultant value tor V Ty, 


in equation (7) and assuming that 


Ag. = 1.16 x 10° micromicrocuries (See Table 2): 
gCa 


1.0 2 M(t.) 2 U.s B Bese -6 
Dg = x, 3*: 9.128 2-10. <s8 

en eee 

1.6 x 10 x M x 350 x 0.0025 


(M(4g) _ 1/4 is the ratio of weights of calcium in infant and adult organisms) 

. Caiculation of the dose to the bones from Sr-90. If, in equation (7), we 
insert the value for VT os obtained in section A, and assume that Aa. s 
micromicrocuries per gramme of Ca (see Table 2) and that 


M(t.) 


a = 1/4, we obtainD, = 0.36, 


The mean dose rate is 0.36 r/32.2 years - 11.2 mr/year 

This is the dose to the most highly irradiated parts, in which strontium 
accumulates. The mean dose to the bone tissue as a whole is one-fifth as large 
(international standard), i.e. 0.072r. In considering cases of leukaemia, the 
mean dose to the whole skeleton must be used (see Part 1). 

Calculation of dose to the tissues from Cs-137. The value of VY may be found 
by either of the methods described above; both calculations are given below: 

1. At the end of 1956 it was determined by means of measurements carried 
out on living persons, that the concentration of caesium was 30 micrimicrocuries 
per gramme of K (8) As the amount of fall-out on the surface of the earth in 
1956 corresponded to 10 megatons and as the concentration referred to above was 
in equilibrium with this amount (period of elimination of potassium and caesium 
from the organism of infants: about one month for each), 


* The multiplier 3 is used because the value of a(t.) was determined in respect 


of the bones, whose protection coefficient is 3 times that of the blood The 


concentration in the bload and consequently in the gonads is 3 times greater 
than in the bones. 
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30 micromicrocuries x 140g 
ter = = ~ gk ~ 420 micromicrocuries 


10 megatons il megaton 


(140 grammes being the amount of potassium in the organism) (9). 


Inserting the value obtained in equation (7) and taking for Age the value 
given in Table 2 6-85 x 104 micromicrocuries » we get 


gk ) 


D= 1.8 x 420 x 10 x 39.3 = 31,000 x 107° 
6.85 x 10% x 140 


r. 


The mean dose rate is 750 x 10° °r 


5 


2. By means of the measurements made by Gulyakin and Yudintseva (10) 

of the uptake of Cs-137, Sr-90, potassium and calcium in plants and the known 
protection coefficient in Sr-90 from soil to plant (0.7) (7) the soil-plant 
protection coefficient for Cs-137 can be computed. On the basis of these 


calculations this coefficient was found to be 1/700. 
ft 1 57 x 1017 micromicrocuries 
= AKm s megaton x 


10° gk x 5 x 1018 cm? x 10cm x 1.6 g 
g soil 3 


cm 


2 1,000 gk - 28.6 micromicrocuries 
700 year megaton x year x organism 


> 


f% - 28.6 x 6.85 x 10°? - 2 micromicrocuries 
megaton x organism 


Top = 25 days = 6.85 x 1072 years (8) 


the basis of equation (7), 


D= 1.8 x 2x 10 x 39.3 = 148 x 107°r. 


6.85 x 10° x 140 


There is a considerable discrepancy between these two estimates - the first is 


210 times greater than the second. This may be because caesium is deposited 


idee ck 2 ek Pe i ae 
: Tp Qt; TiTo¢: In this case T,, = £ ‘ 
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upon foliage from which it is taken up by the plant, thus by-passing the soil, 
This method of uptake is very effective. 

We consider the estimate obtained by the first method to be correct as it 
is based on direct measurements, and we shall use it hereafter 

Calculation of the dose to the bones from Cs-137. It is assumed that caesim 
is distributed uniformly throughout the bones together with potassium. The 


bones will then contain 1/30 of the total amount of caesium and 


Yt., = 420 - 14 micromicrocuries per megaton. Substituting this value in 
30 


equation (7) and assuming that Age = 160 micromicrocuries and M = 10g, 
g tissue 
we find that D = 6,200 x 10°°r, 
Calculation of the external radiation dose from Cs-137 gamma rays. The 
external radiation dose can be calculated in accordance with the equation for 


the dose rate from a half-space (soil) with a uniform concentration of activity 


g Mev/cc. x year*: 


5 


redx 1.48 x "oo aes ° 
2 


where 9 and ders are the coefficients in the formal for the passage of Cs-137 
gamma radiation through soil; 1.43 x 10°? is the coefficient for the conversion 
of Mev/c.c. into r. The intensity of the radiation passing through the soil 
is therefore & x e /Aeff (where { is the thickness of the layer of soil, 


“x = 1.3 and Weft 2 ee is the coefficient of energy absorption in 


airs 3.8 x 107° ca”! . Time 


el 
go deff - &cx37x 10! sec 0.6 Mev 


é 5 1018 em? x 15cm x 2 


X 12cm x 3.15 - 10’ S€&. = 8.8 x 10° Mev 


— em“ x year 


- t/T 
=: 64.3 x 10 *( ef Tee es) r/year. 


* g My Q; consequently, on the basis of equation (5), g = go (<-t/Trne"*/Tee) 
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2 


where 5 x 1018 om is the surface area of the soil, 15 cm is the thickness of 


the layer of soil containing the radioactive sources, and Q, = 1.57 x 10° curies 


is the energy equivalent of 10 megaton explosions (see Table 1). The external 
radiation dose thgpoughout the whole period of Cs-137 decay is 
Vat = 2540 x 107° 


0 
4. Comparison of doses duri the life of the isotopes 
and estimate of the number of leukaemias 


Since the number of mutations is proportional to the integral dose received 
by the gonads, the integral radiation dose to the gonads during the life of the 
radioisotopes which is given in Table 5, can be used to compare the genetic 


effects of explosions of ordinary and deutero-tritium bombs. 


Table 5 


Radiation doses to the gonads from explosions of atomic and pure hydrogen bombs 
Doses, r 


Source of radiation Explosion of an ordinary Explosion of a pure 
(atomic) bomb hydrogen bomb 
107° - 
-6 
10_¢ - 
10 49,000 x 107° 
ia 81 x 10 
10 - 


Sr-90 128 
Cs-137 31,000 
C-14 7,000 
H-3 

Cs-137 (external) 2,540 


'* we 


x 


Integral dose during the of 2 

life of the radioisotopes 41,000 10 49,000 x 10 6 

The integral dose for the whole period of decay of the isotopes from a pure 
hydrogen bomb is close to that from an ordinary bomb. A similar picture is 
obtained from an examination of the tissue doses over the first thirty years after 


the explosion (see Table 5a). 


42165 O—59—vol. 3——31 
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Table 5a 
Doses, r 


Radiation source Explosion of an ordinary Explosion of a pure 
(atomic) bomb hydrogen bomb 


Internal 15,000 x 107° 190 x 1076 
External 1,900 x 10°° - 5,300 x 107% 


* The dose of 5,300 x 10°°r is obtained on the assumption that in thirty years 
the ocean will be unable to absorb any considerable amount of cl4, 


As time passes the dose rate will decline owing to Cs-137, Sr-90 and H-3 
decay. One hundred years or more after the explosion the only effect of partical 


significance will be that due to Q-14 activity, which will continue for many 


thousands of years. 


We shall evaluate the genetic damage due to Q-14 released in a 10-megaton 


pure hydrogen-bomb explosion. 


The integral number of mutant births during the period of decay of the 
isotopes is determined by the total dose**, and can be computed by means of the 


genetic-damage coefficient (section 1). 


The principle of the proportionality of the number of persons gffected to 
the total dose over an infinite period is valid only if the time required 
for the establishment of an equilibrium concentration of the isotope in 

the organism is considerably less than the life of the organism, as in the 
case of C-14, Cs-137 and H-3. In the case of Sr-90, this condition is not 
satisfied so well, but calculations indicate that the error is small. For 
an accurate calculation of the number of persons affected, the age 
distribution of the population at the time of the explosion should be 

taken into account. In the case of a population of constant size consisting 
at the time of the explosion of two age groups (0 and 30 years), calculation 
shows the number of persons affected by Sr-90 to be 1.3 times less than 

that computed according to equation (7). 
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In a population of 2.5 x 109 persons the integral number of mutant births is: 


due to ch4; 2.5 x 10° persons x 4 x 1074 _mutants x 49,000 


“person xX Tr 
x 10°°r = 49,000 persons; 


due to H?: 2.5 x 10? persons x 4 x 10°* mutants x 81 


x 107 °r = 81 persons. pensee: =. 58 

The total number of mutant births caused by a 10-megaton pure hydrogen bomb 
is 49,000. 

A comparison with the figures in Table 5 shows that the explosion of a 
fission bomb causes the same number of cases of genetic damage as the explosion 
of a fusion bomb. 


As regards non-genetic effects, a quantitative evaluation can be made only 


in respect of leukemias. The number of leukemias is proportionate to the 


-4 
radiation dose to the bones and amounts to 1.2 x 10 cases per person per r 


Table 6 shows the mean radiation doses to the bones during the life of the 
radioisotopes. In the explosion of an ordinary atomic bomb the majority of 
leukemias are induced during the first fifty years - the effective period of Sr-90 
and Cs-137 activity. In the explosion of a pure hydrogen bomb, approximately 
the same number of leukemias are induced over thousands of years. It is assumed 
that the principle of the propbrtionality of the number of persons affected to 


the dose can be extended to the case of irradiation over thousands of years. 


Table 6 
Mean doses to the bones 


Doses to the bones, r 
Radiation source 
Explosion of an ordinary Explosion of a pure 
(atomic) bomb hydrogen bomb 


Sr-90 72,000 x - 
Cs-137 6,200 x - 
C-14* 7,000 x 49,000 x 107® 
H-3 - disregarded 
Cs-137 (external) 2,540 : 
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Integral dose to the bones 


during the life of the 


radioisotopes 88,000 x 10°° 49,000 x 107° 


The carbon content of the organic part of the skeleton is assumed to be 
the same as that of the tissues. 


The total number of leukemias induced in a population of 2.5 x 10° persons 
by the explosion of a 10-megaton pure hydrogen bomb is 


2.5 x 10° persons x 1.2 x 107% cases x 49,000 x 107° - 15,000 


persons x Ir 
persons. 


Table 6 indicates that the number of leukemias induced by the explosion 


of an ordinary atomic bomb is 26,000. 


5. Effects of a surface explosion of a pure hydrogen bomb 


In the case of a surface explosion of a pure hydrogen bomb, additional 
radioactive materials are produced - the isotopes which are formed as the result 
of neutron capture by the soil. Most of the activity produced in this process is 
short-lived and may be disregarded. The activity of more than five years' dura- 
tion is associated with the isotopes Co-60, Cs-137, Sm-151 and Eu-154, the last 
two of which, like strontium, accumulate in the bones. Because we lack sufficient 
systematized data on the incidence of these elements in nature and in human 
tissue and on their metabolism, we shall have to confine ourselves to a preliminary 
estimate for cobalt only. 

We shall assume that the cobalt content of the soil is one in 165 parts and 
that of animal tissue one in 10° parts (BSE, Vol. 21, 1957, p. 489). One Mev of 
energy is absorbed by the tissue per disintegration and the period of decay is 


eight years*. The proportion of radioactive cobalt in the organism will be 


equal to that of radioactive cobalt in the soil as a whole. The latter is equal 


* i.e. the e period. 
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to-the ‘ratto of the number of radioactive cobalt atoms formed to the number of 
cobalt atoms in the surface layer of the earth's soil. The neutron capture 


cross-section of cobalt per gramme of soil is 10> g Co x 1022 
g soil 


‘a -6 
atoms/g x 60 x 10 24 cu*/atoms =- 6x10 cm/g. 


Since the capture cross-section of soil is 5 x 1073 cm*/g, the cobalt will 


- - 2 
capture 6 x 10 . = 10 7 ot all neutrons, as a result of which 0.5*.x 10 


5 x 1073 
024 


8 


10°92 « 5x1 atoms of radioactive cobalt are formed. A layer of soil of 


thickness 20 g/cm? on the earth's surface would contain 5 x 1018 ca? 


x 10°? = 10! grammes of cobalt, i.e. 10> x 6 x 1079 : 10°” atoms of cobalt. 
60 


Thus the proportion of radioactive cobalt to the total amount of cobalt would be 


x 20 g/cu* 


5 x 1074 . 5x 10733 
10 
organism will contain 107° x 5 x 10 


- Consequently, when equilibrium is achieved, the animal 


ras =: 5x 1079 grammes of radioactive cobalt 


per gramme of tissue, i.e. 


sz!) «6210 352 coe co, 
60 g 


-6 
The dose rate from cobalt is 5 x 10° atoms/g x 1 Mev/atom x 1.6 x 10 


erg/Mev x 10°? r/erg = ll x 1076 r/year**, The dose during the period of 


decay is 90 x 107° r. The cobalt contribution is therefore small, 

The behaviour of Sm-15l and Eu-54 is interesting because, like Sr-90, they 
accumulate in the bones and are not eliminated (however, their coefficient of 
ingestion per unit intake of food is one-thousandth that of Sr-90 (11) ). 

In the case of fission or pure hydrogen bombs other than those discussed 
in this paper, the size of the doses and the estimated effects will vary in 


proportion to the number of fissions and the number of neutrons formed during 


the explosion. 


* Fifty per cent of all neutrons are captured by the soil. 


** This figure is high because: (1) neutron capture takes place in a layer of 
soil cf thickness 15 cm, not all of which is taken into the stratosphere; 
and (2) the fall-out of soil particles is more rapid. Less Co-60 will there- 
fore be scattered. Over a limited area the dose from Co-60 may be considerable. 
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CONCLUSIONS 


In its harmful effects (number of mutant births and leukemias) judged 
according to the size of the dose, a pure hydrogen (deutero-tritium) bomb is 
just as dangerous as an ordinary fission bomb, but its effects will be produced 
over a longer period. 

The total number of persons suffering genetic damage as the result of the 
explosion of a 10-megaton pure hydrogen bomb in a population of 2.5 x 109 persons 
is estimated at 49,000, and, through the explosion of an ordinary atomic bomb, 
at 41,000. The total number of leukemias induced by the explosion of a 10-megaton 
pure hydrogen bomb is estimated at 15,000 and by that of an ordinary atomic bomb 
at 26,000. 

The author deems it his pleasant duty to thank Mr. A. P. Vinogradov, 

Mr. N.P. Dubinin, Mr. V.M. Klechkovsky, Mr. A.V. Lebedinsky and Mr. A.D. Sakharov 
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{Reprinted from Science, Dec. 12, 1958, vol. 128, No. 3337, pp. 1490-1495) 


HAZARD TO MAN OF CARBON 14 


Wuat ProrteEMsS ARE ENCOUNTERED IN THE QUANTITATIVE ESTIMATION OF THB 
BIOLOGICAL HAZARDS OF CARBON-14? 


(John R. Totter, M. R. Zelle, H. Hollister *) 


Carbon-14 is an isotope of the chemical element carbon. As such, it forms 
the same chemical compounds and, as part of the organic molecules built around 
the carbon atom, becomes part of living tissue. Carbon-14, though virtually 
indistinguishable chemically from the other isotopes of carbon, is radioactive, 
emitting low-energy beta particles (0.05 Mev average) and having a half-life 
of about 5600 years. Therefore, carbon-14 is a potential hazard to man, for 
in his body it is emitting radiation that can affect living cells and, additionally, 
is itself undergoing change—transmutation—by decay to another element, ni- 
trogen, of different chemical characteristics. 

This article considers briefly some of the problems encountered in the quanti- 
tative estimation of the biological hazards to man of carbon-14. 


Possible Mutagenic Effect of Carbon-14 Transmutation 


Most discussions of the genetic effects of radioactive isotopes present in the 
body have considered only the effects of the radiation emitted during radioactive 
decay. However, the transmutation of radioactive atoms which have been in- 
corporated into the genetic material, deoxyribonucleic acid (DNA), may also 
result in mutations. Radioactive isotopes of carbon, phosphorus, and hydrogen 
must all be considered, but, since nuclear detonations may produce appreciable 
amounts of carbon-14, this long-lived isotope is of particular concern. On the 
molecular scale, mutations are believed to be changes in the chemical structure 
of DNA. 

When a carbon-14 atom contained in DNA decays to nitrogen-14 by the emission 
of a beta particle, a mutation could result in two ways: (i) by a radiochemical 
change in DNA caused by either the beta particle emitted or by recoil of the 
nucleus and (ii) as a result of the carbon-14 to nitrogen-14 transmission itself, 
which almost certainly would cause a chemical change in the DNA molecule in 
which it occurred. Since all DNA is contained in the chromosomes and is genet- 
ically active, it is possible that almost all such transmutations occurring in DNA 
would cause mutations. On the other hand, it is conceivable that the chemical 
changes caused by transmutation of carbon-14 in DNA would prevent the suc- 
cessful duplication of the DNA and hence would be lethal to the cell in which the 
transmutation occurred, with the result that no detectable mutations would be 
produced. 

There are almost no data as yet on which to base an estimate of the magnitude 
of the transmutation effect. Experiments made to obtain such data must be 
‘arefully planned to differentiate between mutations produced by the two pro 
cesses and are complicated further by the long half-life and low specific activity 
of the available carbon-14 isotope preparations. Certain micro-organisms appear 
to offer the most promising experimental approach. 

The natural carbon-14 content of the biosphere is given by Anderson (/) as 
1.46 X10" times the total carbon content. The three isotopes of carbon are uni- 
formly distributed in the atmosphere and in living organisms, so one can estimate 
the contribution which the disintegration of carbon-14 makes to the total radiation 
dose. Since the transmutation of an element such as carbon or phosphorus in 
the chain of DNA is probably much more effective in producing biological damage, 
the carbon-14 content of DNA is of interest. 

Mammalian diploid cells contain 6 to 7X10™" gram of DNA per cell (2) and 
DNA is approximately 37 percent carbon. Therefore each diploid cell contains 
about 2.4X10-" gram of DNA carbon. A carbon atom weighs 12/(6X10")= 
2x10 gram, and each diploid cell’s DNA should contain (2.4X10-) /(2X107= 
1.2X10" atoms. The carbon-14 content is 1.2X10"X1.28X10-"=1.54X10" atom 


7 Dr. Zelle and Mr. Hollister are on the staff of the Division of Biology and Medicine, 
U.S. Atomic Energy Commission, Washington, D.C. Dr. Totter, a former member of the 
same staff, is presently at the University of Montevideo, Montevideo, Uruguay. This 
article is a reprint, with minor editorial alternations, of ““The Biological Hazard to Man 


From_Carbon-14 From Nuclear Weapons,” U.S. Atomic Energy Commission USAEC 
WASH-1008 (Sept. 1958). 
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per cell in DNA. That is, on the average, about one in six cells should contain 
a carbon-14 atom in the DNA. 

The probability that each cell would suffer a carbon-14 transmutation is given 
by dividing the average life of carbon-14 (about 8000 years) into 1.54X10°: 


1.54X 10" 
8.0X10 yr 


per year. The generative cells may be assumed, on the average, to have accu- 
mulated 30 years of this kind of damage at conception time. That is, the prob- 
ability that any given generative cell has had a carbon-14 transmutation in its 
genetic material is 6X10“. 

With a birth rate of 30 per 1,000 and 2.5 X 10° as the world population, the 
maximum genetic damage from carbon-14 transmutations in genetic material 
could result in the birth, each year, of 2.5 x 10° x 3 X 10° X 6 XK 10°=4.5 X 
10‘ persons with mutated genes. This assumes a ratio of 1 for the fraction muta- 
tions/transmutations (M/T). 

In his estimates of fission-product and carbon-14 hazards, Leipunsky (3) as- 
sumed an increment of carbon-14 due to 10 megatons of fusion equal to 4.1 xX 
10° times the present carbon-14 equilibrium value. Such a value would yield 
41 X 10° X 4.5 & 10* X 8100=1,400,000 persons with defective genes due to the 
carbon-14 increment. One-half of these defects would occur in the 5,600 years 
following the addition of the carbon-14 increment. It is possible that the value 
of 4.1 <X 10° may be too large by a factor as great as 10. As was indicated by 
Libby (4), one-fourth of this value, or 10°, would be more correct. If we were 
to assume a reduction by a factor of 10, the figures would reduce to a total of 
144,000. 

The fractional increase per year cannot be given because of the exponential 
decrease in carbon-14, but the maximum fractional increase due to fusion-pro- 
duced carbon-14, assuming immediate complete mixing, would be 184/45,000 in 
one case and 18/45,000 in the other. This ratio, of course, is valid no matter 
what the value of M/T. 

Some limits on the possible values of M/T may be set. Although it is conceiv- 
able that more than one mutant gene might result from one transmutation, this 
is not likely to be a frequent occurrence. Only about one-half of the carbon 
atoms of DNA are in the chain, and a fraction of the remaining half may be less 
likely to cause mutations when decay takes place. More important, the decays 
may be so effective as to totally inactivate the cell, in which case no mutation 
will result. Therefore, the upper limit would appear to be set safely at less 
than 1. 

There appears to be no logical or experimental basis on which to base an esti- 
mate of the lower limit of the fraction M/T. When inactivation of Neurospora 
and bacterial viruses was measured (see 5), experimental values for phos- 
phorus-32 decay were between 10 and 1,000 times greater than values for the 
probability of inactivation by comparable amounts of ionization. There appear 
to be no data for production of mutations by transmutation of carbon-14 or phos- 
phorus-32 in DNA. McQuade, Friedkin, and Atchison (6) have provided data on 
chromosome aberrations due to thymidine-2-carbon-14 incorporation in which 
the carbon-14 decay in DNA appears to be at least 9 or 10 times as effective as 
decay in cytoplasm. However, the data are inconclusive, as was pointed out by 
the authors themselves. 

It is of interest to calculate the value of M/T which would result in a muta- 
tion frequency due to carbon-14 transmutation in DNA which is equal to the 
mutation frequency from the ionization produced by carbon-14 decay outside 
the DNA. This value is equal to the ratio of beta radiation mutations to the 
mutations resulting from carbon-14 transmutations in DNA on the hypothesis 
that M/T=1. Leipunsky (3) estimated 49,000 mutations from beta radiation 
where our corresponding carbon-14 transmutation estimate is 1.44x10°. This 
leads to M/T=—0.084 for the value for equal numbers of mutations for the two 
processes. If one uses more refined estimates of ‘he carbon-14 beta radiation 
dose, this value would not be changed, since estimates of both the beta dose 
and the number of carbon-14 transmutations depend on the bomb-produced incre- 
ment to the natural carbon-14 pool. 

This ratio, 0.034, depends on beta-induced mutations of only one class, serious 
physical or mental defect, with an estimated normal frequency of 2 percent. If 
one includes all three classes of genetic damage considered by Crow (7), two 


=1.9X10" 
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of which are partially overlapping, the value of M/T necessary for equal trans- 
mutation and beta-induced mutation frequencies is 0.66. 

It is therefore concluded that, on the basis of limited experience in cther 
organisms and with other isotopes, it is not unreasonable to assume that the 
number of mutations due to carbon-14 disintegration in DNA could be at least 
equal to, and could probably exceed, the number caused by the carbon-14 beta 
radiation. 

There is some evidence that genes in defferent species differ in size and com- 
plexity. For exXample, Carter (8) estimates that each gene in the mouse is 
19 times as large as a Drosophila gene. This estimate is based on comparative 
mutation rates and the 29-fold greater DNA content per diploid cell in mice. 
If this conclusion is correct, the value M/T for any species can be accurately 
determined only by experiment on that species, and the effects in mice and other 
mammals may be very much more serious than those in microorganisms, for 
example. However, the greater DNA content could conceivably consist largely 
of “nongenic” NDA, in which carbon-14 decay would be less apt to cause muta- 
tion. Thus, it is possible to do no more now than guess at the broad limits of 
the ratio M/T. 


Numerical Estimation of Genetic Damage to Human Populations 


With the advent of atomic and nuclear energy, the question of genetic hazards 
has become a matter of great importance, of almost universal interest, and 
of no little controversy. In the past 2 years there have been three comprehen- 
sive statements of the present status of knowledge concerning the problem 
(9-11), and there will soon be a fourth (1/2). All of these statements agree about 
the seriousness of the problem, about the lack of sufficient knowledge of human 
spontaneous and radiation-induced mutation rates to provide accurate numerical 
estimates of the hazards, and about the desirability of minimizing the expo- 
sure of human reproductive cells to radiation during the reproductive period. 
The reports are in agreement also on the conclusion that the linear mutation- 
dose relation observed in the range of 25 to several thousand roentgens in a num- 
ber of species must be considered to extend through smaller doses to zero. In 
other words, it is concluded that there is no dose of radiation so small that it 
is not genetically harmful. 

Since, therefore, the number of mutations induced is considered to be di- 
rectly proportional to the radiation dose, it is possible to make crude numerical 
estimates of the hazards, provided information is available on the average dose 
to the gonads during the reproductive period. Many geneticists feel that it is 
unwise to make such calculations, since there is a very high degree of uncertainty 
in them and, consequently, the calculations may be quite misleading or may be 
misinterpreted. However, since such calculations have been and will be made 
frequently, it is important to recognize the assmptions on which they are based 
and the sources of uncertainty in the results. 

The usual approach to the calculations involves use of the doubling dose, or that 
dose required to induce mutations at a rate equal to the spontaneous or natural 
rate. This dose is usually taken as 50 roentgens, although the National Acad- 
emy of Sciences (9) and Medical Research Council (10) reports give only 
the range 30 to 80 roentgens. A draft of the more recent consideration by the 
United Nations Scientific Subcommittee (12) gives a range of 10 to 100 roent- 
gens. This large factor of uncertainty must be constantly borne in mind when 
one is considering the results of such calculations. 

The usual calculation is concerned only with rather gross, tangible genetic 
effects, as considered in the National Academy report (9), and ignores the com- 
pletely recessive mutations or the probably much larger class of mutations with 
small effects. which nevertheless are harmful. The estimates are therefore al- 
most certainly underestimates of the total damage. It is also important to keep 
in mind the question of genetic equilibrium. With appropriate corrections for 
changes in population size, each unfavorable gene, no matter how large or small 
in effect, induced in a population must be balanced in a subsequent generation by 
an elimination of a gene descended from that gene; otherwise, the frequency of 
that gene will increase cumulatively. Reduced effective fertility is the mecha- 
nism by which such eliminations occur. This can be thought of as a reduction 
in the chance that individuals, starting at the time of fertilization of the egg, will 
complete normal reproductive cycles. Thus, in a population in equilibrium, the 
total of reductions in fertility could be estimated to a first approximation if all 
unfavorable mutations—regardless of the magnitude of their unfavorable effect— 
could be individually detected and counted. 
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Perhaps the most useful calculations which have been made are those of Crow 
in the Fallout Hearings (7). His estimates are shown in table 1. All of these 
estimates assume a 30-year dose to the gonads from fallout of 0.1 roentgen, as 
estimated in the National Academy report (9), a doubling dose of 50 roentgens, 
and a stable world population of 2 10° births per generation. 


TABLE 1.—Estimates of damages from fallout calculated by J. F. Crow and 
presented at hearings of the Special Subcommittee on Radiation, U.S. Congress, 
in 1957 (7) 


Number 
Kind of damage 


First gene- Total 


A. Gross physical or mental defect 
B. Stillbirths and childhood deaths 
C. Embryonic and neonatal deaths__- 


The gross physical or mental defect estimate ignored all completely recessive 
effects and assumed a normal incidence due to spontaneous mutation of 2 per- 
cent. This category roughly corresponds to the “tangible genetic defect’’ cate- 
gory of the National Academy report (9) and is perhaps the most useful kind 
of calculation for comparative purposes. The arithmetic is simple: 


(0.1 r) 
(50 r) 


Stillbirths and childhood deaths were estimated from increased death rates in 
children of consanguineous marriages by Morton, Crow, and Muller (13), who 
give an estimate of 8 percent as the frequency at mutational equilibrium. As 
before, the total damage from 0.1 roentgen for a generation is obtained by 


(0.1 r) , 
(50 r) (0.08) (210°) =3.2« 10° 


This result was rounded to 3X10". 

The estimates of embryonic and neonatal deaths were based on Russell’s 
(14) observation of a 3 percent reduction in litter size of mice at 3 weeks of 
age when the sires had been exposed to 300 roentgens. If both parents received 
0.1 roentgen, the effect would be 0.2/300 as great. Hence, the estimated first- 
generation effect is 


(0.02) (210°) =8x10* (total) 


(0.2) 

(300) (08) (210°) =4x10° 
If it is assumed that 6 percent are expressed in the first generation, as estimated 
for stillbirths and childhood deaths, the total damage is approximately 6.7 X10’, 
which rounds to 7X10". 

It is interesting to observe at this point that, although the numbers 80,000, 
300,000, and 700,000 are large and obviously serious when it is remembered 
they assume an average gonadal dose of only 0.1 roentgen per generation, the 
estimated increase in the first generation in each case is only 10— of the normal- 
ly occurring abnormalities. So small an increase would be impossible to de- 
tect experimentally. It is this apparent contradiction—large absolute numbers 
but small fractional increases—which leads to much of the controversy on this 
important question. 

It is important to remember also that the second and third categories of 
mene 9 are not mutually exclusive: stillbirths and infant deaths are included 

oth. 

It is a simple matter to adjust Crow’s figures for other doses or population 
sizes. This is illustrated in a later section, after a discussion of the gonadal 
exposures due to bomb-nroduced and natural carbon-14. 

However, attention is again directed to the large uncertainty, perhaps as large 
as a factor of 10, in the doubling dose ; this uncertainty, coupled with uncertainty 
in the spontaneous mutation rates, makes any conclusions that are drawn from 
such calculations correspondingly uncertain with respect to absolute magnitude. 
Even so, such calculations can be useful for comparative purposes, since these 





9452 FALLOUT FROM NUCLEAR WEAPONS TESTS 


uncertainties affect each calculation equally and hence essentially cancel out. 
Therefore, the largest uncertainty in such comparisons derives from the calenu- 
lations of the relative gonadal doses and, in the case of certain isotopes, our 
almost complete lack of information about the magnitude of the transmutation 
effect. It should also be borne in mind that estimates of “serious physical or 
mental defect,” in Crow’s terms (7), or of “tangible genetic defect,” in the 
language of the National Academy report (9), do not measure the total genetic 


damage because certain categories of genetic damage are omitted from these 
calculations. 


Biological Hazards 


The natural occurrence of carbon-14. Carbon-14 is produced in nature in 
amounts estimated (9) to be from 7 to 10 kilograms per year by the absorption 
of cosmic ray neutrons in the atmosphere. It exists in the atmosphere as radio- 
active carbon dioxide and as such takes part in the overall carbon cycle of the 
earth, mixing with ocean water (existing there as a carbonate or bicarbonate) 
and with the biosphere (plants and animals) and entering man. Because car- 
bon-14 appears to have existed naturally for millions of years or more, it now 
exists on earth in essentially a constant quantity (15): whatever is made each 
year only compensates, approximately, for what decays. Estimates of the 
amount of naturally existing carbon-14 in the total earth reservoir (ocean, bio- 
sphere, and atmosphere) range from about 56 to 81 metric tons by weight 
(3, 9, 15). 

The approximate distribution of the 56 to 81 metric tons of natural carbon-14 
in the earth’s reservoir is shown in table 2 (9). Because the distribution as 
well as the quantity of natural carbon-14 is important, table 3, based on data 
presented by Arnold and Anderson (15), is presented to give an estimate of the 
distribution of a/] carbon in the earth’s reservoir. 

In all precise estimates of the natural background radiation dose to man, the 
contribution of natural carbon-14 is included, although its contributions to the 
estimated annual background dose of 100 to 150 milliroentgens (9, 16) is only 
about 1 percent (16). 

Production of carbon-14 by nuclear weapon explosions. All nuclear weapons 
involve in their nuclear reactions the production of neutrons. Some of the nev- 
trons are used in fission chain reactions resulting in the formation of radioactive 
fission products such as strontium-90, iodine-131, and cesium-137. The neutrons 
themselves would be of no concern, from the standpoint of hazards, were it not 
for the fact that some of them escape from the weapon to the outside environ- 
ment. These neutrons of various energies are eventually captured; it is esti- 
mated that, for an air burst more than a few hundred meters above the ground, 
more than 95 percent of the neutrons eventually react with the nitrogen nuclei 
of the atmosphere and produce carbon-14. If the detonations are on the surface, 
then roughly one-half of the neutrons would not be absorbed in nitrogen atoms to 
make carbon-14, by the same token, would induce radioactivity of relatively short 
half-life in the soil. 

For United States nuclear weapons of all types (17), roughly equal numbers 
of neutrons escape per unit of energy yield (“kiloton” or “megaton”). Therefore, 
two nuclear weapons, regardless of type but of the same yield and detonated 
under the same conditions, will produce roughly equal amounts and types of 
neutron-induced radioactive materials, including carbon-14, if the burst is such 
that neutrons escape to the air. 

In a recent speech, Libby (4) stated: “At a rate of 2.5 neutrons [escaping] 
per 200 Mev of energy release, one megaton would generate 3.2X10” carbon-14 
atoms. The best estimate, keeping in mind that a substantial amount [of the 
carbon-14 produced] falls back as calcium carbonate, would be that about 10” 
carbon-14 atoms have been introduced into the atmosphere [from weapon testing 
to date], mostly into the stratosphere. The estimate of 2.5 neutrons per 200 
Mev energy released is higher than an earlier estimate based on an assumed 
15 percent escape efficiency [(17)], the later value being based on firmer infor- 
mation. It also attempts to weigh fusion and fission as they have actually 
occurred.” 

Leipunsky (3) has assumed for his fusion weapon one employing only deute- 
rium-tritium fusion reactions and allowing all neutrons produced to escape to 
their environment. His estimate of the number of escaping neutrons per 200 


Mev may be too high by a factor of 4 to 6 compared with like estimates for 
U.S. weapons. 
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The calcium carbonate represents an addition to the earth’s carbon-14 reser- 
voir too, but in a chemical form such that the radiocarbon cannot exchange read- 
ily with the biosphere. One might note that 3.210” carbon-14 atoms is about 7.4 
kilograms and that 10” carbon-14 atoms is about 230 kilograms. The addition 
of 230 kilograms (0.23 metric tons) of bomb-produced carbon-14 to date thus 
means an addition of 0.3 to 0.4 percent to the total carbon-14 reservoir. 


TABLE 2.—Approzvimate distribution of natural carbon 14 in the earth’s reservoir 


Carbon 14 


Reservoir 
Metric Percent 


Atmospheric CO,___. 

Terrestrial living matter plus humus. -.- 
Ocean: total organic ratter- ‘ 
Ocean: total inorganic matter. 


Total 


TABLE 3.—Estimated distribution of all carbon in the earth’s reservoir 


Reservoir 


Atmospheric CO 3_- 

Terrestrial living matter plus humus. 
Ocean: total organic matter 

Ocean: total inorganic matter - 
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TABLE 4.—Estimates of total genetic hazards of bomb-produced and natural 
carbon 14 and natural background radiation 


[Toestimate the hazard for the next 5,000 years, divide these numbers by 2. Categories B and C are partially 
overlapping] 


A. GROSS PHYSICAL OR MENTAL DEFECT 


Natural background radiation 
Bomb C* to date (dose: 0.098 mr/yr) 


Carbon 14 (dose: 1.5 mr/yr) | Total (dose: 150 mr/yr) 


Fraction of Fraction of 
Persons (number) total popula- Persons total popula- Persons 
tion affected (number) | tion affected | (number) 


1/5, 340, 000 1. 92X10’ 1/27, 800 9. 6X108 
B. STILLBIRTHS AND CHILDHOOD DEATHS 
| 1/1, 400, 000 | 7. 2X10" | 1/7, 400 | 3. 6X10" | 
C. EMBRYONIC AND NEONATAL DEATHS 


1/593, 000 | 1. 68X108 | 1/1, 785 8. 4X10" | 1/64 
i ' 


However, this addition is not instantaneously uniform throughout the whole 
reservoir, for equilibrating time must be taken into account. All of the bomb- 
produced carbon-14, at the time it is produced, is in the atmosphere except for 
the direct fallback of calcium carbonate. The bomb-produced carbon-14 present 
in the atmosphere as carbon-14 dioxide can exchange with the biosphere and 
with the ocean. The higher the concentration of carbon-14 in the atmosphere, 
the higher will be the resulting concentration in plants after exchange. Even- 
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tually the exchange with the ocean will reduce the atmospheric level of bomb- 
produced carbon-14 concentration and so will reduce the opportunity for ex- 
change with plants. Hence one is dealing with a transient, not an equilibrium, 
situation, and merely computing the fractional increase in the total carbon-14 
reservoir caused by adding bomb-produced carbon-14 may not give a good 
measure of the impact of the bomb-produced carbon-14 on man but would tend 
to give too low an estimate. Libby states (78), “Bomb tests to date have pro- 
duced enough carbon-14 so that when it has come to mixing equilibrium it will 
have increased the amount naturally present in all living matter by one-third of 
1 percent’; and, “In the years before equilibrium with the deep ocean is 
reached—about 500 years—the level will temporarily rest at about a 3 percent 
increase. * * * This is after the first period of perhaps ten or twenty years 
before dilution in the top layer of the ocean and with living and dead organic 
matter occurs, when the increase will be about 20 percent.” Finally, he says, 
“Because the lifetime of radiocarbon is very long—8,000 years on the average— 
the equilibrium situation is the more significant.” For the carbon-14 already 
produced by bombs, the average dose increment over 8,000 years is about 1.7 
times the average dose increment calculated on the assumption of immediate 
equilibrium. 

Carbon-14 dose to man. Libby (16) estimates the dose to man from naturally 
occurring carbon-14 as 1.5 milliroentgens per year. If no further bomb car- 
bon-14 was produced, this dose rate might be as high as 1.8 milliroentgens per 
years during the next 20 years or so; after that time it would gradually drop 
off to a new equilibrium value of 1.505 milliroentgens per year. The average 
dose rate over 8,000 years would be about 1.508 milliroentgens per year, yielding 
a total dose increment due to bomb-produced carbon-14 of 64 milliroentgens. 

These dose estimates suggest that the present bomb-produced carbon-14 haz- 
ard to man is not only small but virtually undetectable: a 0.5 percent increase in 
a dose rate that itself is only 1 percent of the natural background radiation dose 
to man. Why, then, is bomb-produced carbon-14 possibly a concern? The an- 
swer is that genetic mutation rates, and possibly some somatic-effect incidence 
rates [for example, leukemia (19) ], are considered to be linearly proportional to 
total dose. On this basis, therefore, any increase in the dose to man implies a 
corresponding increase in the burden of mutations in the population, and pos- 
sibly an increase in certain somatic effects, such as leukemia. 

Numerical estimation of the genctic effects of bomb-produced carbon 14. By 
means of the methods discussed earlier, it is easy to compare the estimated 
genetic effect of the carbon-14 produced by nuclear detonations to date with the 
estimated effects of the naturally occurring carbon-14 and the total natural 
background radiation (Table 4). The natural background radiation of 150 
milliroentgens is essentially that estimated in the National Academy report (9). 
The natural and bomb-produced carbon-14 doses have been discussed above. 
An average life of carbon-14 of 8000 years and a stable world population of 
2x10 are assumed. The genetic effects estimated for the carbon-14 radiation 
dose are doubled to take into approximate account the transmutation effect, 
as discussed earlier. Depending in part upon whether absolute numbers or frac- 
tional increases are considered, different persons may place different interpreta- 
tions upon the figures given in Table 4. Furthermore, individuals differ in their 
viewpoints regarding the genetic effects in the next few generations as opposed 
to effects over the next 8,000 years. 

Leipunsky (3) has published estimates of the genetic and leukemogenic hazards 
of nuclear weapons. As noted earlier, he assumed a very high neutron escape 
per 200 Mev of energy released—a figure that may be high by a factor of 4 to 6 
as compared with actual neutron escape from U.S. weapons. Except for the 
fact that he ignores the transmutation effect of carbon-14, his calculations of 
the genetic hazards appear to be valid for the doses he assumed, although he 
made computations for only the gross physical or mental defect category. 
There also appear to be errors in Leipunsky’s calculation of the leukemogenic 
hazards—a calculation based on the as yet unproved linear relationship be- 
tween dose and leukemia incidence postulated by Lewis (19). Since leukemia 
resulting from strontium-90 (the major fission product contributing to the bone 
dose) would be largely of bone-marrow origin, Leipunsky’s use of Lewis’ (19) 
values for probability of leukemia from bone-marrow and lymphatic-system 
irradiation resulted in estimates twice those obtained when the appropriate 
value for the probability as given by Lewis is employed. Finally, Leipunsky’s 
calculation of both the bone and gonadal doses may be questioned because of his 
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assumption that the internal cesium-137 dose is proportional to cumulative, 
rather than annual, deposition of fallout and by his consideration of cesium-137 
as the only contributor of external gamma radiation. Except for these dif- 
ferences in assumptions affecting the estimates of dosages, including assumptions 
about the number of neutrons escaping to air, we are in general agreement with 
Leipunsky’s calculations. 


Conclusions 


(1) Subject to large uncertainty, the transmutation effect of carbon-14 atoms 
contained in the genetic material of the human body could lead to about the same 
number of genetic mutations as the radiation effect from carbon-14. 

(2) Genetic damage estimates are subject to large uncertainties and should 
be used in this light. 

(3) Because nuclear weapon detonations have already produced radioactive 
carbon-14, the number of persons in the world likely to have genetic or other 
abnormalities from carbon-14 radiation will be increased. Expressed as a frac- 
tion, the increase from bomb testing to date is very small, but the total number 
of persons likely to be affected in the next 8,000 to 10,000 years may not be 
considered small by some persons. 
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States two articles, for consideration at the hearings of the subcommittee, now 
going on, on the nature of radioactive fallout and its effects on man, and for 
inclusion in the printed report of the hearings. 

The first of these communications is the paper “Genetic and Somatic Effects 
of Carbon 14,” by Linus Pauling, published in Science, November 14, 1958, 
volume 128, No. 3333, pages 1183-1186. 

In this article it is pointed out that the genetic and somatic effects of carbon 
14 produced by the testing of nuclear weapons are comparable in respect to the 
numbers of people affected with the effects of worldwide fallout of fission prod- 
ucts from the same tests, although the effects of carbon 14 extend over a longer 
period of time than those of the fission products. It is also pointed out that a 
much larger quantity of carbon 14 per megaton is produced by fusion than by 
fission. 

I am sure that there will be some discussion of carbon 14 in the course of 
your hearings, and I feel that my published article on this subject, which is one 
of the first in which a serious effort was made to estimate the genetic and 
somatic effects of this radioactive substance, should be included in the hearings 
and in the printed account of the hearings. 

The second article is “The Effects of Strontium 90 on Mice” by Barclay Kamb 
and Linus Pauling, published in the proceedings of the National Academy of 
Sciences of the United States, volume 45, No. 1, pages 54-69, January 1959, 
(See p. 2347.) In this paper there is given a statistical analysis of data on the 
effects of strontium 90 injected into mice on life expectancy and on the inci- 
dence of tumors of blood and blood-forming tissues. These data have been pub- 
lished by Dr. Miriam P. Finkel. (See p. 2342.) An important part of the paper 
is the development of general mathematical techniques of statistical analysis of 
data on the biological effects of strontium 90. The article deals with the im- 
portant question of whether or not there is a “threshold” in the action of stron- 
tium 90 in producing leukemia and bone cancer and in causing decrease in life 
expectancy. The conclusion is reached that the data obtained by Dr. Finkel do 
not permit a statistically significant conclusion about the existence or non- 
existence of a threshold to be reached. 

This article has broader use than its application in the discussion of Dr. 
Finkel’s data. The mathematical methods developed in it might be applied in 
the statistical analysis of data obtained in other experimental investigations 
bearing on the question of the existence or nonexistence of a threshold for 
strontium 90. My colleague, Prof. Barclay Kamb, who joins me in asking you to 
present this article to the subcommittee during its hearings and to include it in 
the printed account of the hearings, agrees with me in the opinion that the 
question of a threshold for strontium 90 will surely be discussed at the hearings 
and in the belief that our published article on the subject is a significant one 
with respect to this question. 

I may take this occasion to state that I have the strong conviction that the 
mechanism of production of cancer by high-energy radiation, such as that pro- 
duced by radioactive fallout, is closely similar to that of the production of 
genetic mutations by this radiation, and that for this reason we are forced to 
conclude that there is no threshold for the action of strontium 90 in producing 
leukemia and bone cancer. Genetic mutations are generally believed by scien- 
tists to be produced by damage of a molecule of deoxyribosenucleic acid in a 
germ cell. There is now much evidence indicating that in general cancer is 
caused by molecules of nucleic acid in somatic cells. There is no doubt that 
molecules of nucleic acid in somatic cells could be damaged by high-energy 
radiation just about as easily as those in germ cells This argument leads us to 
conclude that the production of cancer by high-energy radiation would resemble 
the production of genetic mutations in not having a threshold, and that accord- 
ingly even very small amounts of radiation, to which all human beings are 
exposed, produce cancer. 

I enclose two copies of the paper on “Genetic and Somatic Effects of Carbon-14” 
and also two copies of the paper on “The Effects of Strontium 90 on Mice.” 

Also, if your subcommittee should request me to do so, I would be glad to 
present in person my testimony about these matters and other matters relating to 
the nature of radioactive fallout and its effects on man. 

Sincerely yours, 


Linus PAULING. 





Reprinted from Science, November 14, 1958, Vol. 128, No. 3333, pages 1183-1186. 


Genetic and Somatic Effects 
of Carbon-14 


This by-product of nuclear-weapon testing may do more 


genetic and somatic damage than has been supposed. 


In his 1956 paper on radioactive fall- 
out (J) Libby pointed out that neutrons 
released in the explosions of nuclear 
weapons react with nitrogen nuclei in 
the air to make carbon-14, which has a 
half-life of about 5600 years. In his dis- 
cussion of bomb-test carbon-!4 he said 
that “Fortunately, this radioactivity is 
essentially safe because of its long life- 
time and the enormous amount of dilut- 
ing carbon dioxide in the atmosphere.” 
He pointed out that 5.2 tons of neutrons 
would be needed to “double the feeble 
natural radioactivity of living matter due 
to radiocarbon. Such an increase would 
have no significance from the standpoint 
of health.” He mentioned that, for a 
given energy release, thermonuclear 
weapons produce more neutrons than 
fission weapons, and concluded that “the 
essential point is that the atmosphere is 
difficult to activate and the activities 
produced are safe.” 

Perhaps because of a feeling of reas- 
surance engendered by these statements, 
I did not make any calculations of the 
genetic and somatic effects of the car- 
bon-14 produced in the testing of nuclear 
weapons until April 1958. I was then sur- 
prised to find that these calculations, 
which form the subject of this article 
2), lead to the conclusions that the 
genetic damage, as measured by the pre- 
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dicted number of children born with de- 
fects caused by the mutations induced 
by the radioactivity, may be greater for 
carbon-14 than for the fission products 
ordinarily classed as world-wide fallout, 
and that the somatic effects may be of 
the same order of magnitude. 

In his 1956 paper Libby stated that a 
20-kiloton weapon, involving fission of | 
kg of plutonium or uranium, would pro- 
duce 10 g of neutrons, of which 15 per- 
cent might reasonably be expected to 
escape and make carbon-14. The yield 
of carbon-14 would hence be 1.05 kg per 
megaton (the maximum would be 7 kg 
per megaton, if all neutrons were effec- 
tive). 

More information was given in his 27 
March 1958 address on radioactive fall- 
out, delivered at the symposium of the 
Swiss Academy of Medical Sciences in 
Lausanne and released on that day by 
the Atomic Energy Commission (3). In 
this address he said that | megaton with 
fusion and fission weighed as they have 
actually occurred would generate 3.2 x 
10% atoms of carbon-14, which is 7.4 kg 
He pointed out that this estimate is 
higher than the earlier estimate based on 
an assumed 15-percent escape efficiency, 
and said that the new value is based on 
firmer information. 

The old value was for fission alone. If 
we assume it to be valid, we might con- 
clude that the sevenfold increase to the 
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new value is to be attributed to a high 
yield for fusion. For example, if the 
energy yields for fusion and fission have 
been equal for past explosions the car- 
bon-14 yield for fusion might be calcu- 
lated to be 13.8 kg per megaton, about 
13 times that given for fission. 

(On 29 May 1958, after the calcula. 
tions described in this article had been 
made, my attention was called by Be" 
Tucker to the paper “Radioactivity dan- 
ger from the explosion of clean hydrogen 
bombs and ordinary atomic bombs,” by 
O. I. Leipunskii, published in the De- 
cember 1957 issue of the U.S.S.R. jour- 
nal Atomic Energy (4). The values given 
there agree only very roughly with my 
values. Leipunskii gives 5.2 kg per mega- 
ton as the amount of carbon-14 produced 
by fission and 33 kg per megaton as the 
amount produced by fusion. The latter 
value represents a 96-percent effective- 
ness of the neutrons calculated to be re- 
leased in the H? +H? reaction giving | 
megaton of energy, or a somewhat 
smaller effectiveness if some of the 12.5- 
Mev neutrons produce additional neu- 
trons by n,2n reactions. The Libby value 
7.4 kg per megaton for fission and fusion 
in the ratio of past explosions is 39 per- 
cent of 19.1, the. Leipunskii value for 
fission and fusion in 50:50 ratio.) 

Libby gives 107* as the best estimate 
of the number of carbon-14 atoms intro- 
duced into the atmosphere (mostly into 
the stratosphere) by the bomb tests so 
far, keeping in mind that a substantial 
amount falls back as calcium carbonate. 
especially in the case of ground shots 
over coral. The number 10°" atoms 
(232 kg) corresponds to 31 megatons of 
bombs. I assume that one-third of the 
generated carbon-14 is released to the 
atmosphere, two-thirds falling back as 
calcium carbonate. This estimate is based 
upon the statement by Libby (5) in De- 
cember 1956 that total bomb tests up to 
the time his paper was written (it was 
submitted for publication on 17 October 
1956) had liberated 30 megatons of 
fission products. It is my understanding, 
from the table of nuclear explosions given 
in The Nature of Radioactive Fallout 
and Its Effects on Man (6, pp. 2063- 
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2065), that fission products were first re- 
leased in large amounts on | March 
1954, the earlier explosions having been 
those of small bombs or of fission-fusion 
If the 


testing has continued at the same rate 


bombs with no large third stag 


from October 1956 to January 1958 (ref- 
erence date for the 1958 statement by 
Libby 


232 kg of carbon-14 introduced into the 


as from 1954 to 1956, the value 


atmosphere corresponds to 45 megatons 
of fission and, with the surmise that the 
fission-fusion ratio has been 1, to 90 
megatons of total tests, and hence to the 
above estimate that one-third of the car- 
bon-14 becomes atmospheric CO, 

The 232 kg of carbon-!4 
timate 


Libby’s es- 
introduced into the atmosphere 
by the bomb tests had caused the carbon- 
14. concentration for atmospheric carbon 
dioxide in New Zealand to increase to 10 
percent over its normal value by 1957 
7). The carbon-14 released into the at- 
mosphere becomes mixed in a few years 
with the biosphere and the top layer 
about 300 feet thick) of the 
8, 9). Mixing occurs more slowly with 


ocean 


the deep layers of the ocean. Studies by 
several authors (8, 9) have led to closely 
similar conclusions about the rates of 
mixing. We shall make use of a simple 
model discussed by Armold and Ander- 
son (9); essentially the same conclusions 
would be reached with use of any model 
compatible with the value 600 years for 
the age of the dissolved carbon in the 
ocean 


T'wo Reservoirs of Carbon 


In the simple model of Arnold and 
Anderson two reservoirs of carbon are 
considered. Reservoir A consists of the 
atmosphere (0.13 g of carbon per square 
centimeter), the land biosphere (0.05 g 
cm), and humus (0.2 g cm”), total- 
ing 2.0 x 10** g of carbon, of which 3200 
kg is carbon-14. Within this reservoir 
there is rapid equilibration of carbon-14 
Reservoir C is the entire ocean, including 
the ocean biosphere; it contains 8.5 g 
cm? (44x 10** g) of carbon, 22 times 
as much as A. 

The equilibrium between A and C can 
be expressed by a forward rate constant 
k and reverse rate constant k’, with val- 
ues &=0.035 yr? and k’ =0.0016 yr", 
respectively. 

Let us consider N, atoms of carbon-14 
released into A by | year’s testing at a 
standard rate, which we assume to be 30 
megatons per year, with 222 kg of car- 
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bon-14 made and 74 kg released into A 
The later number (N,) of these atoms 
in A is given by the equation 
dN, > . , 
dt ~kNat+k(Ne- Na (1) 
The solution of this equation is 


Pek 


= N. (keirit 
k+k <e 


which with insertion of the values of k 


and k’ becomes 


N, = 0.044N, + 0.956N. 67 © 03838 


So far N. 
stant. We replace it by N,e~° 0001244 
corresponding to the radioactive decay of 
carbon-14 with mean life 8070 years 
half-life 5586 years), to obtain 


» has been considered a con- 


Nx =0.044N,e~ 00001241 + 
0.956N.e°8 8364 = (2) 


Hence, the freshly made carbon-14 in 
reservoir A, which gives it access to the 
bodies of human beings, can be consi«- 
ered as consisting of a 4.4-percent frac- 
tion with mean life 8070 years and a 
95.6-percent fraction with mean life 27.5 
years (the reciprocal of 0.0364 yr-') 


Genetic Effects at 
Present Population Levels 


Let us first evaluate the genetic cffect 
of the carbon-14 from bomb tests on the 
assumption that the population of the 
world will remain constant. 

James F. Crow, a member of the Na- 
tional Academy of Sciences—National 
Research Council Committee on Genetic 
Effects of Atomic Radiation, presented 
an estimate of the genetic effects of a 
0.1-roentgen exposure of the gonads in 
his testimony before the Special Sub- 
committee on Radiation of the Joint 
Congressional Committee on Atomic 
Energy on 4 June 1957 (6, p. 1021). He 
estimated that a 0.l-roentgen exposure 
of the gonads of the present world popu- 
lation would produce gene mutations 
that would in the course of many gen- 
erations give rise to the birth of 80,000 
children with gross physical or mental 
defect, 300,000 stillbirths and childhood 
deaths, and 700,000 embryonic and neo- 
natal deaths. Of these, 8000, 20,000, and 
40,000, respectively, were expected to 
occur in the first generation. In addition, 
he estimated that there would be pro- 
duced a larger but unknown number of 
minor or intangible defects, which might 
represent the major part of the damage, 


because by virtue of their being milde 
they are less likely to cause the sterility 
or death of the person who possess 
them and therefore are more likely tp 
persist in the population and thus to af. 
fect a larger number of persons. 

The estimates for the three categories 
were made in different ways, and the 
categories are not mutually exclusive. Ip 
particular, deaths at about the time of 
birth are included in both the second and 
the third category. Crow has told m 
that in his opinion there is little 
between the first and the second cate. 
gory. 

These estimates must be recognized as 
highly uncertain. Crow said that they 
might be 5 times too high or 5 times too 
low, or more, but that we are better of 
estimating even very crudely what the 
numbers involved are than not making 
any numerical estimates at all. I agree 
with this statement. 

Uncertainty in these estimates does not 
affect the discussion of relative effects of 
carbon-14 and fission products given be- 
low. 

It must be emphasized that, although 
large numbers are given below as the 
estimated effects of the testing of nuclear 
weapons at the recent rate, these num- 
bers are very small in comparison with 
numbers representing the effects of natu- 
ral radiation and other mutagenic agents 
For example, it is stated in the National 
Academy of Sciences—National Research 
Council report that about 2 percent of 
total live births have tangible defects of 
simple genetic origin (this is roughly 
the first category of the three given 
above). With 75 million births per year, 
this corresponds to 1.5 million per year 
with gross physical and mental defect. 
The estimated effect of continued testing 
of nuclear weapons at the recent rate is 
an additional 15,000 per year (including 
the effect of carbon-14). Hence the 
bomb tests are expected to produce not 
more than a 1-percent increase in de 
fective births (or between 0.2 percent 
and 5 percent, if we use Crow’s sugges 
tion about uncertainty in the estimates). 

The estimate of the magnitude of the 
gonad exposure for the average rate of 
bomb testing for the 5 years preceding 
1956, reported by the National Academy 
of Sciences—-National Research Council 
committee, is 0.1 roentgen in 30 year 
Hence | year of testing at that rate, it 
is estimated, will cause about 2700 chil- 
dren with gross physical or mental de- 
fect, 10,000 stillbirths and childhood 
deaths, and 23,000 embryonic and neo- 
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natal deaths. (This estimate ignores the 
eflects of carbon-14.) 

The Twenty-third Semiannual Report 
of the Atomic Energy Commission con- 
tains the statment that bomb testing at 
the present rate, it can be estimated, will 
use between 2500 and 13,000 defective 
children to be born per year of testing. 
This statement is in the report of the 
Advisory Committee on Biology and 
Medicine. It seems to correspond to the 
above calculation, with recognition of the 
uncertainy of the amount of overlap be- 
rween the first two categories. 

The report of the National Academy 
of Sciences-National Research Council 
committee contains the sentence “With 
these understandings, it may be stated 
that U.S. residents have, on the average, 
been receiving from fallout over the past 
five years a dose which, if weapons test- 
ing were continued at the same rate, is 
estimated to produce a total 30-year dose 
of about one tenth of @ roentgen; and 
since the accuracy involved is probably 
not better than a factor of 5, one could 
better say that the 30-year dose from 
weapons testing if maintained at the past 
evel would probably be larger than 0.02 r 
and smaller than 0.50 r. The rate of 
fall-out over the past five years has not 
been uniform. If weapons testing were, 
in the future, continued at the largest 
ate which has so far occurred (in 1953 
and 1955) then the 30-year fall-out dose 
would be about twice that stated above.” 

It is accordingly possible that a some- 
what larger estimate than 0.1 roentgen 
in 30 years should be made for the aver- 
age gonad exposure corresponding to 
the recent rate of testing of nuclear 
weapons. Little can be done to make the 
estimates of the effects of fission prod- 
ucts more reliable in the absence of any 
published detailed discussion of the evi- 
dence upon which the estimates of gonad 
exposure are based. 

Now let us consider the genetic effects 
of carbon-14. The gonad exposure due to 
natural carbon-14 has been given by 
Libby (10) as 0.0015 roentgen per year. 
This dosage was calculated on the basis 
of the assumptions that the body is 18 
percent carbon, the specific activity of 
carbon is 15 disintegrations per minute 
per gram, and the mean energy of the 
beta radiation is 40 percent of the maxi- 
mum energy, 167 kev 

If we take as the present rate of bomb 
testing the value 30 megatons per year 
fission plus fusion), the initial activity 
of the carbon-14 from | year of bomb 
tests is 0.0015 roentgen per year multi- 


plied by 74/3200, the ratio of the amount 
of carbon-14 released to reservoir A by 
the tests to the amount of natural (cos- 
mic-ray produced) carbon-14. This in- 
itial activity is 35x 10°* roentgen per 
year. Of this amount, 1.46 x 10° roent- 
gen is associated with the first term in 
Eq. 2 and 33x 10 roentgen with the 
second term, The total gonad exposure 
is obtained by multiplying these quanti- 
ties by the corresponding mean lives, 
8070 and 27.5 years, respectively, to ob- 
tain 0.0118 and 0.0009, respectively, with 
sum 0.0127 roentgen. 

We see that the second term (the non- 
equilibrium term with respect to mixing 
with the large ocean reservoir) contrib- 
utes only about 8 percent as much as the 
first term to the total effect. On the 
other hand, it is the more important oi 
the two with respect to the present gen- 
eration and the next one. 

The total gonad exposure due to car- 
bon-14 over the entire life of the isotope 
(per person now living, world population 
assumed constant), 0.0127 roentgen, is 4 
times that usually assumed for world- 
wide fallout (0.0033) roentgen, corre- 
sponding to 0.1 roentgen in 30 years). 
The estimated effects of carbon-14 from 
1 year of bomb testing, from Crow’s 
numbers, are 12,000 children with gross 
physical or mental defect, 38,000 still- 
births and childhood deaths, and 90,000 
embryonic and neonatal deaths. 


Genetic Effects at 
Predicted Population Levels 


Now let us consider the effect of the 
increase in world population that can be 
reasonably anticipated. At the present 
time the world population is growing at 
a rate such as to double in about 50 
years. If we assume that no catastrophe 
intervenes, this rate may continue for 
hundreds of years, and the population 
may then remain essentially constant, 
with a value for number of births per 
year 5 times the present value. The num- 
ber of defective children corresponding 
to the first term of Eq. 2 would then be 
multiplied by a factor nearly equal to 5. 
If the world population were to increase 
in this way, the carbon-14 from | year 
of testing would cause an estimated total 
of about 55,000 children with gross 
physical and mental defect, 170,000 still- 
births and childhood deaths, and 425,000 
embryonic and neonatal deaths. On this 
assumption about world population it is 
estimated that the bomb tests carried 
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out so far (estimated total, including 
1958, 150 megatons) will cause about 
5 times these numbers of defective chil- 
dren and deaths. 

Thus we see that the genetic effects of 
carbon-14 from bomb tests are esti- 
mated to be about 4 times as great as 
those of ordinary world-wide fallout 
(calculated for the customarily quoted 
value of gonad exposure) if the world 
population stays constant, and about 17 
times as great if the world population 
increases as assumed. 

There is a simpler way of making the 
calculation (//). Let us assume that there 
is very rapid mixing of the carbon-14 
released in the bomb tests throughout 
the entire reservoir, including the depths 
of the ocean. With this assumption and 
the other assumptions given above, a 
straightforward calculation can be car- 
ried out, leading to nearly the some 
numbers. 

These predicted effects of carbon-14, 
which over the period of thousands of 
years are greater than those of the fission 
products in the world-wide fallout, may 
be thought to have little significance be- 
cause of uncertainty about the nature of 
the world of the rather distant future. 
It is accordingly of interest to calculate 
what the effects of | year of testing will 
be on the next generation. 


Effects of One Year's Tests 
on the Next Generation 


We may consider first the predicted 
numbers of seriously defective births in 
the next generation as a result of the 
ordinary fallout. From Crow’s estimates 
and the gonad exposure 0.1 roentgen 
in 30 years, there are 270 children 
with gross physical or mental defect, 670 
stillbirths and childhood deaths, and 
1304 embryonic and neonatal deaths. 

In calculating the number of seriously 
defective births expected to occur in the 
first generation as a result of the pres- 
ence of added amounts of carbon-!4 in 
the atmosphere we cannot neglect the 
rate of diffusion of carbon-14 into the 
depths of the ocean. The 74 kg of car- 
bon-14 liberated into the atmosphere by 
| year of testing at the standard rate 
causes an initial increase of 2.3 percent 
of the carbon-14 concentration, the nor- 
mal burden of the atmosphere, bio- 
sphere, humus, and upper part of the 
ocean being 3200 kg. This calculation 
agrees roughly with the statement by 
Libby that “the observed carbon-14 rise 
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might be as high as 3 percent per year 
as appears to have been observed.” The 
rate of increase, reported from experi- 
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ment, for carbon dioxide in the atmos- 
phere is about 2.1 percent per year 

It may be pointed out that the ob- 
served rate of increase of carbon-14 in 
the atmosphere provides some justifica- 
tion of the assumed standard recent rate 
of testing, 30 megatons of fission plus 
fusion per year (together with the as- 
sumption that one-third of the carbon-14 
that is produced is liberated to the at- 
mosphere), as shown by the agreement 
of the calculated 2.3-percent increase per 
year and the observed 2.1-percent in- 
crease. The same rate of increase in the 
atmosphere and the same genetic and 
somatic effects would result from, say, 
20 megatons per year with one-half es- 
caping. The calculation of genetic and 
somatic effects could be based directly 
on the observed rate of increase of car- 
bon-14 in the atmosphere. 

The rate of diffusion of the carbon-14 
into the depths of the ocean corresponds 
to a mean life of 27.5 years in the smaller 
reservoir. The gonad exposure for nat- 
ural carbon-14 is 0.0015 roentgen per 
year and that for an amount 2.3 percent 
as much is 0.000035 roentgen per year. 
With a mean life for carbon-14 in the 
small reservoir of 27.5 years, the total 
gonad exposure for the first decades after 
the testing becomes 0.00096 roentgen. 
With world population at the present 
level, the estimated numbers in the three 
categories during the first generation due 
to carbon-14 from a single year of test- 
ing are 80, 200, and 400, respectively. 
These are smaller than estimates for the 
ordinary radioactive fallout. It is because 
of the very long life of carbon-14 that 
the total effect, throughout the life-times 
of the isotopes, becomes greater for car- 
bon-14 than for the fission products. 

The possibility must be considered of a 
special mutagenic action of carbon-14: the 
damage of a deoxyribonucleic acid mole- 
cule through the Szilard-Chalmers effect 
or the chemical effect of conversion to a 
nitrogen atom when a carbon-14 atom in 
the molecule undergoes radioactive de- 
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composition. We assume 50,000 genes 
per individual, 200,000 carbon atoms per 
gene, 5x 10° future world population 
up to 30 years of age, and a carbon-14 
yield of 74 kg to the atmosphere per 
year of testing, and calculate 70,000 as 
the number of mutations by this mecha- 
nism per year of testing. This number, 
presumably an upper limit, is only about 
10 percent of the numbers in the three 
categories expected to result from car- 
bon-14 irradiation, and we conclude that 
the special mechanism involving car- 
bon-14 atoms in the genes themselves is 
less important than irradiation in caus- 
ing genetic damage. 

The calculation of predicted somatic 
effects of bomb-test carbon-14 in com- 
parison with those of fission products 
can be easily made. With the same as- 
sumptions as for the foregoing calcula- 
tion of the genetic effects, including the 
assumption of a fivefold increase in world 
population, it is found that | year of 
testing of nuclear weapons produces car- 
bon-14 irradiation, over the entire life of 
the radiocarbon, equivalent to the ex- 
posure of the present world population 
to a whole-body dose of 0.061 roentgen. 
This is much larger than the customarily 
quoted value of 0.0033 roentgen for 
whole-body irradiation by fission prod- 
ucts from 1 year of testing, and some- 
what larger than the estimated exposure 
of bone marrow and bone tissue by 
strontium-90 (given as 0.03 and 0.056 
roentgen, respectively, per year of test- 
ing, as estimated by the Atomic Energy 
Commission’s Advisory Committee on 
Biology and Medicine, in the Twenty- 
third Semiannual Report of the Atomic 
Energy Commission, 1958). Hence we 
calculate that the total number of cases 
of leukemia and bone cancer expected 
to be caused by carbon-14 is about 
equal to the number expected to be 
caused by fission products, including 
strontium-90, and that the number of 
cases of cancer of other sorts expected 
to result from radiation damage to tis- 
sues other than bone marrow and bone 
tissue is greater for bomb-test carbon-14 
than for fission products. 


Summary 


On the basis of information aboy 
carbon-14 given by Libby, calculations 
are made of the predicted genetic and 
somatic effects of the carbon-l4 pro. 
duced by the testing of nuclear weapons 
It is concluded that | year of testing (30 
megatons of fission plus fusion) is ex. 
pected to cause in the world (estimated 
future number of births per year 5 time 
the present number) an estimated total 
of about 55,000 children with gross phys 
ical or mental defects, 170,000 stillbirths 
and childhood deaths, and 425,000 em. 
bryonic and neonatal deaths. ( There is an 
unknown amount of overlap of these three 
categories.) These numbers are about 1? 
times the numbers usually estimated as 
the probable effects of the fallout fission 
products from | year of testing. In ad- 
dition, the somatic effects of bombtes 
carbon-14 are expected to be about 
equal to those of fission products, in- 
cluding strontium-90, with respect tw 
leukemia and bone cancer and greater 
than those of fission products with re 
spect to diseases resulting from radia- 
tion damage to tissues other than bone 
tissue and bone marrow. All of the esti- 
mated numbers are subject to great un- 
certainty; they may be as much as 5 
times too high or 5 times too low. The 
uncertainty in the estimation of the rela- 
tive effects of carbon-14 and fission prod- 
ucts in world-wide fallout is not so great 
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[From the New York Times, Apr. 29, 1958] 


Pautinc PicTURES NEw Bast Pertt—Says Carson 14, Lona-Livep Atom, Is 
GREATEST FUTURE THREAT FROM FALLOUT 


(By John W. Finney) 


WASHINGTON, April 28.—Dr. Linus C. Pauling, leading biochemist, introduced 
today a new threat in atomic fallout—a long-lived radioactive atom known as 
earbon 14. 

The Nobel Prize winner, who has taken the lead in arguing the dangers of fall- 
out, said carbon 14 represented a far more serious, long-term menace than all the 
other radioactive byproducts of an atomic explosion, including the much-publi- 
cized strontium 90. 

While strontium 90 is a more immediate threat, he warned, over a period of 
5 to 10,000 years the danger to the human race from carbon 14 is 200 times 
greater. 

He discussed this development with reporters after a talk at the annual meet- 
ing of the National Academy of Sciences. 


FIVE MILLION DEFECTIVES SEEN 


The carbon 14 created in atomic bombs already exploded will cause 5 million 
genetically defective children in the next 300 generations and millions of cases of 
bone cancer, leukemia, and other bodily damage, he predicted. 

It is an isotope created by the bombardment of the atmosphere’s nitrogen by 
neutrons resulting from either an atomic or hydrogen bomb explosion. 

It has generally been dismissed as a fallout threat because of its extremely long 
life—the isotope has a half-life of about 5,600—and, consequently, the low-level 
radiation it emits during the prolonged process of radioactive decay. 

Dr. Pauling said he had been “shocked” to read in a recent speech by Dr. 
Willard F. Libby, scientist of the Atomic Energy Commission, how much carbon 
14 was created in atomic explosions. Dr. Libby’s estimate, he said, was 17 
pounds in an explosion having a force of 1 million tons of TNT. 

With the nuclear weapons already tested, Dr. Pauling asserted, the earth’s 
content of carbon 14 has been increased 10 percent. He said the substance rep- 
resented a particular threat because carbon was so widely distributed in animal 
and plant life and could be found in every tissue of the human body. 

Atomic Energy Commission officials conceded that carbon 14 presented an 
appreciable genetic hazard over a period of several thousand years. They ques- 
tioned, however, that the danger was as great as portrayed by Dr. Pauling. 

One uncertainty, they said, is how much of the substance created in an ex- 
plosion found its way into the human body. 

From the standpoint of somatic or body damage, they expressed doubt that 
carbon 14 presented too great a threat since only a small amount would be 
present in any one generation. 

A system developed by Dr. Libby has made carbon 14 useful for dating arche- 
ological finds. This has no relation to fallout. 

Dr. Pauling’s scientific paper dealt with “the dependence of longevity of 
human beings on body weight.” He concluded that from the standpoint of life 
span, there was no danger in being 10 pounds overweight. 

While seemingly far removed from the fallout question, the paper was 
prompted by Dr. Pauling’s running debate with Dr. Edward Teller, nuclear 
physicist, who has argued that fallout is no substantial threat. 

The paper was designed to refute a recent statement by Dr. Teller that fallout, 
as far as shortening life span, was as dangerous to human health as being an 
ounce overweight. 

Dr. Teller’s statement was based on the past assumption that an ounce of 
overweight would shorten the life span by 26 days. Dr. Pauling said his 
Statistical studies showed a shortening by 2.6 minutes. 

Dr. Teller was “in error by a factor of 1.440” an “should have said that fallout 
is 1,440 times as dangerous to human health as being one ounce overweight,” 
Dr. Pauling told his audience. 

At the meeting experimental evidence was given supporting the belief that 
oot damage caused by radiation was directly proportional to the amount of 
radiation. 

Dr. M. Demerec of the Carnegie Institution of Washington reported that his 
experiments with bacteria had shown such a direct dose-effect relationship. 
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A “heretical” theory about the effects of radiation in causing genetic damag, 
was introduced by Dr. W. L. Russell of the Oak Ridge National Laboratory. 
Most geneticists believe that the genetic mutation rate will be the same for 
the same dose of radiation, whether it was received in one big dose or gradually 
over an extended period. 
Dr. Russell said his experiments with mice had brought a “surprising result”— 


the mutation rate was lower if the radiation dose had been accumulated 
gradually. 


















CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIC ENERGY, 


May 1, 1958. 
Gen. K. E. FIEnbs, 
General Manager, U.S. Atomic Energy Commission, 
Washington, D.C. 


DEAR GENERAL FIELDS: I would appreciate it very much if you would have 
your Division of Biology and Medicine provide the Joint Committee with a 
statement on the effects of carbon 14, resulting from thermonuclear explosions, 
on succeeding generations of mankind. In that connection it would appear 
appropriate to make an analysis of the calculations by Dr. Pauling which were 
publicly made in the press the other day. 

It would also appear appropriate to analyze the statements made in the 
article by the Russian scientist O. I. Leipunsky which appeared in the December 
1957 issue of Atomnaya Energiya, a translation of which was transmitted to the 
Joint Committee by C. L. Dunham, M.D., Director of the AEC Division of 
Biology and Medicine, in his letter of April 30 to Chairman Durham. 

Very truly yours, 









































CLINTON P. ANDERSON, 
Vice Chairman, 


{From the New York Times, May 16, 1958] 


LETTERS TO THE TIMES: GENETIC MENACE OF TESTS—VIEWS REGARDING POTEN: 
TIAL DAMAGE FROM CARBON, 14 REAFFIRMED 


The writer of the following letter won the Nobel Prize in chem- 
istry in 1954. He is head of the chemistry division and director of 
the Gates and Crellin Laboratory of the California Institute of 
Technology and a former president of the American Chemical 
Society. 

To the Epitor oF THE NEW YorRK TIMES: 


I have read with interest the letter from Drs. J. Laurence Kulp, Wallace 8. 
Broecker and Arthur R. Schubert in your issue of May 2. In this letter they 
say that my statement that carbon 14 represents “a far more serious long-term 
menace than all other radioactive byproducts of an atomic explosion” is incorrect 
and that carbon 14 will contribute only a minor fraction of the radiation produced 
by strontium 90 and cesium 137. 

In fact it is their statements that are incorrect. When the cumulative dose 
to the entire population over the total lives of all isotopes is considered, the 
radiation from the carbon 14 produced by bomb tests is found to be considerably 
larger than the amount attributed by the Atomic Energy Commission to other 
isotopes and the number of defective children that can be predicted to be pro- 
duced by the radiation from carbon 14 is far greater than the number predicted 
for other isotopes. 


DR. LIBBY’S STATEMENT 





In his 1956 paper on radioactive fallout Dr. W. F. Libby pointed out that neu- 
trons released in the explosions of nuclear weapons in air react with nitrogen 
nuclei to make carbon 14; he said that “fortunately this radioactivity is essen- 
tially safe because of its long lifetime and the enormous amount of diluting 
carbon dioxide in the atmosphere.” 

Perhaps because of a feeling of reassurance engendered by this statement and 
others by Dr. Libby, I did not make any calculations of the genetic and somatic 


effects of the carbon 14 produced in the testing of nuclear weapons until last 
month. 
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Dr. Libby gave additional information about carbon 14 in his March 27 address 
in Lausanne, including a statement about the amount of carbon 14 generated 
per megaton, with fusion and fission weighed as they had actually occurred; 
this amount is 7.4 kilograms, about seven times the amount that he had reported 
in 1956 for a pure fission weapon. He states that a considerable part of the 
carbon 14 (which I estimate as two-thirds) falls back as calcium carbonate; the 
rest of it enters the reservoir of which the biosphere is a part 

At the present time the concentration of carbon 14 in the atmosphere has been 
increased by the bomb tests to a value of 10 percent greater than its former value. 
As carbon dioxide dissolves in the ocean, this percentage will ultimately decrease 
if the bomb tests are discontinued. 


EFFECT CALCULATED 


I shall calculate the effect of carbon 14 on the basis of the following assump- 
tions: The rate of bomb testing is 30 megatons a year. One-third of the gener- 
ated carbon 14 is released to the atmosphere. There is moderately rapid equil- 
librium with a large reservoir, including the ocean, with normal content 74,000 
kilograms of carbon 14. The mean life of carbon 14 is 8,070 years; the normal 
amount of carbon 14 in the human body produces a gonad exposure of 0.0015 
roentgen a year, as stated by Dr. Libby. 

The effect of a single gonad exposure of 0.1 roentgen for a world population 
equal to that at present is to cause ultimately a total of 380,000 seriously defec- 
tive children (gross physical or mental defects, stillbirths, childhood deaths) 
plus 700,000 embryonic and neonatal deaths. This estimate was made by Prof. 
James F. Crow, a member of the National Academy of Science National Research 
Council Committee on Genetic Effects of Atomic Radiation, in his testimony be- 
fore the congressional subcommittee on radiation on June 4, 1957; the population 
of the world, which has increased by over 1 billion during the last 100 years, will 
continue to increase and will have an average value during the next 10,000 or 
20,000 years such that there will be five times as many children born as at 
present. 

A straightforward calculation based on the above assumptions leads directly 
to the conclusion that 1 year of testing at the standard rate of 30 megatons a 
year (two 15-megaton bombs, similar to the one detonated by the United States 
on March 1, 1954) will ultimately be responsible for the birth of 230,000 seriously 
defective children and also for 420,000 embryonic and neonatal deaths. 


ESTIMATE BY AEC 


We may compare these numbers with the number caused by the other isotopes. 
The official estimate given in the 23d semiannual report of the Atomic Energy 
Commission is 2,500 to 13,000 seriously defective children a year of testing. I 
think the number may be somewhat higher, but the statement is justified that 
carbon 14 is a far more serious long-term genetic menace than the other products 
of atomic explosions. 

The bomb tests carried out so far (including 1958, which is starting off as 
a bad year) can be estimated to correspond roughly to five 30-megaton years. 
Accordingly we may say that the predicted effect of the carbon 14 released in 
these bomb tests will be to produce about 1 million seriously defective children 
and about 2 million embryonic and neonatal deaths, and that the predicted effects 
of the other isotopes will be somewhat smaller. 

As other people have pointed out, these numbers will represent a minute frac- 
tion of the total number of seriously defective children and of embryonic and 
neonatal deaths during coming centuries. But I feel that each human being is 
important, and that it is well worthwhile to calculate the numbers of individual 
human beings who will be caused to suffer or to die because of the bomb tests, 
rather than to talk about “negligible effects,” “undetectable increase,” “extremely 
small fraction.” 

LINUS PAULING. 

PASADENA, CALIF., May 8, 1958. 


(In response to the Joint Committee’s request of May 1, 1958, for 
comment on Dr. Pauling’s calculations, as reported in the press on 
April 29, the AEC submitted the following statement commenting on 


Dr. Pauling’s letter to the editor of the New York Times, dated May 
16, 1958, above.) 
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ATOMIC ENERGY COMMISSION, 


Washington D.C., August 25, 1958, 
Hon. CLINTON P. ANDERSON, 


Joint Committee on Atomic Energy, 
Congress of the United States. 


Dear SENATOR ANDERSON: In reply to your letter of May 1, 1958, I enclose 
(1) a copy of the manuscript of a technical report (Rept. No. WASH 1008) 
soon to be issued by the Technical Information Services, Oak Ridge, and (2) 
a short statement commenting on the calculations of Dr. Pauling to which you 
referred. 

The report is entitled “The Biological Hazard to Man of Carbon 14 From 
Nuclear Weapons Testing.” It includes discussions of the possible mutagenic 
effect of the transmutation of carbon 14 which has been incorporated into the 
genetic material and of the basis for making numerical estimates of the genetic 
hazards to nian posed by radiation. The report also includes a brief discussion 
of the Leipunsky paper and an estimate of the genetic effects of the carbon 14 
produced to date by weapons testing. 

lt is our understanding that the Leipunsky paper did not influence the report 


prepared by the United Nations Scientific Subcommittee on the Effects of Atomic 
Radiation. 


Sincerely yours, 
H. S. Vance, Acting Chairman. 
(The article of O. I. Leipunsky will be found on p. 2423.) 


COMMENTS PREPARED BY THE DIVISION OF BIOLOGY AND MEDICINE CONCERNING Dn. 


PAULING’s CARBON-14 EsTIMATES IN LETTER May 16, 1958, To EpIToR OF THE 
New YorK TIMEs? 


Pauling made the following assumptions : 

(1) Bomb testing at the rate of 30 megatons per year. 

(2) 7.4 kg carbon-14 produced per megaton. 

(3) 1/3 of the carbon-14 reaches the reservoir of which the biosphere is 
a part. 

(4) 74,000 kg carbon-14 of natural origin in the reservoir. 

(5) Mean life of 8,070 years. 

(6) Normal carbon-14 content gives 0.0015 r/year to gonads. 

(7) Essentially immediate equilibrium. 

(8) 5 times as many births per year on the average over the next 10,000- 
20,000 years as now. 

The assumptions concerned with the rate of carbon-14 production were based 
largely on data given by Libby. Except possibly for number 8, all of these 
assumptions appear reasonable and are probably as good as could be made on 
the basis of the information available to Pauling. The assumption of 5 times 
as many births as at present seems questionable. However, it is only necessary 


to divide Pauling’s estimates by 5 to obtain comparable estimates for a stable 
population of about the present size. 


2 For further comment, see p. 56, vol. I.) 
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Pauling based his calculations on Crow’s estimates given on page 1021 of the 
Fallout hearings. Assuming a doubling dose of 50r, a stable world population 
with 2 X 10° births per generation and a dose to the gonads of 0.1r per gen- 


eration (i.e., per 30 years), Crow made the following estimates: Total for 


Kind of damage 


A—Gross physical or mental defect 
B—Stillbirths and childhood deaths 
C—Embryonic and neonatal deaths 


Pauling’s calculations are straightforward and merely consist of adjusting the 
above estimates to correspond with the total dose increment estimated from the 
bomb-produced carbon-14 and with the five times greater population which he 
assumed. The adjusted values for categories A, B, and C are 48,400, 181,500, 
and 423,500 respectively. Pauling failed to recognize that categories B and C 
are partially overlapping. 

He did not consider the possibility that mutations could perhaps result from 
the transmutation into nitrogen of carbon-14 incorporated in the genes. 

Pauling made the further modification of combining categories A and B into 
one Class of damage which he called “seriously defective children.” Thus he 
obtains his rounded estimates of 230,000 “seriously defective children” and 
420,000 embryonic and neonatal deaths resulting from carbon-14 produced by 30 
megatons of bomb testing. Pauling then compared these numbers “* * * with 
the number caused by the other isotopes.” He stated: ‘‘The official estimate 
given in the Twenty-third Semi-annual Report of the Atomic Energy Commission 
is 2,500 to 13,000 seriously defective children a year of testing.” Since the esti- 
mates given in the 23rd semi-annual report corresponded only to Crow’s category 
A, this comparison was a bit unfair although the more proper comparison of 
48,400 versus 2,500 to 13,000 still supports Pauling’s conclusion that the estimate 
of total carbon-14 damage is greater. 

As noted earlier, Pauling’s assumptions yield an estimate of 48,400 cases of 
gross physical or mental defects (category A) due to carbon-14 produced by 30 
megatons of testing. It is of interest to compare this number with the number 
expected over the same period on the basis of the normal incidence of such 
defects. Crow gives two per cent as the normal incidence due to genetic causes 
and five per cent as the total incidence including both genetic and nongenetic 
causes. If one assumes 10 billion births per generation as Pauling did, there 
would be about 2,690 billion births in the next 8,070 years. An estimated five 
per cent or 134 billion would be born with serious physical or mental defects 
including ahout 54 billion due to genetic causes. The estimate of 48,400 due to 
the bomb-produced carbon-14 is less than one-millionth as great as the number 
expected from the normal genetic incidence and is 1/2,700,000 of the total ex- 
pected. As Pauling indicates in his final paragraph, it is a matter of personal 
opinion whether to conclude that the fractional increase is so small that it may 
be ignored or whether to consider the absolute number of cases so large as to 
be of grave concern. 








APPENDIX H 


Extracts From “Report of the United Nations Scientific Committee 
on the Effects of Atomic Radiation’ —1958 


Chapter III 
PHYSICAL DATA 


I. INTRODUCTION 


1. In estimating doses to which populations are ex- 
posed, the Committee has classified the sources into three 
categories : 


(a) Natural; 

(b) Man-made (except environmental contamina- 
tion) ; 

(c) Environmental contamination. 


The relative risks from different radiation sources, in 
general, increase with the radiation doses from the 
sources. It is therefore useful to compare the doses from 
various man-made sources with those from the natural 
sources to which the human race has always been 
exposed. 

2. In this report, consideration has been given to 
those sources which are contributing to the population 
dose at the present time, together with some estimates of 
future exposure from environmental contamination. In 
the future, various man-made sources may increase in 
relative importance; the radioactive waste of atomic 
industry, nuclear reactor accidents and the use of iso- 
topes in medicine, research and industry may well be- 
come problems. 


II. Dose ESTIMATES REQUIRED FOR EVALUATION 
OF BIOLOGICAL RISKS 


3. A quantitative estimation of the total deleterious 
irradiation effects in a ion must be based 
boo information as to the extent of the likely biological 

ects as estimated from assumed dose-effect relation- 
ships and also upon individual weighting factors appro- 
priate for the deleterious —— as discussed in 
chapter II, paragraphs 26 and 

4. Only in the case of a linear dose-effect relation 
with no threshold value of the dose is it relevant to add 
the dose contributions from various sources. This can 
be done in the case of genetic injury and, according to 
one hypothesis, also in the case of a possible induction 
of leukemia. 

5. In order to meet the requirements of subsequent 
chapters which are concerned with biological conse- 
— it has been necessary to estimate the following 


(a) For evaluation of genetic injury: the dose to the 


(b) For evaluation of possible induction of leukemia : 
the mean marrow dose (averaged overall 1,500 g of 
active marrow). 


For most uniform exposure of the whole body, the listed 
Sea ane aly 
Ne promo e of partial exposure of the body (as in 
medical practice) is difficult to evaluate, but a useful 
index of risk seems to be the significance of each cor- 
responding exposure of marrow as expressed by the 
mean marrow dose. 


6. As the genetic effect of exposure is assumed to be a 
linear function of dose, it is possible to weight the 
individual doses di , the weighting factor being the 
future number of chi to be expected by each in- 
dividual subsequent to the exposure. A weighted geneti- 
cally ees _e is accordingly defined in chapter 
II (paragraph 27 

7. According po one hypothesis, the induction of leu- 
kemia is also a linear function of dose. The appropriate 
weighting factor is not known but as a first approxima- 
tion the various contributions to marrow exposure may 
be compared without weighting. Another hypothesis as- 
sumes a threshold for the induction of leukemia ; in this 
case a per capita marrow dose has no meaning but the 
individual marrow doses become determining factors. 


III. MerHops OF MEASUREMENT 


8. The ultimate of measurements 
of concern to the ittee is the estimation of tissue 
dose from natural sources, man-made sources and en- 
vironmental contamination. In some cases, however, 
——— of radioactivity are also of primary con- 
cern. It is emphasized that new and improved methods 
are constantly being developed. 

9. It is to classify measurements of this 
nature into categories relating to the method used, i.e. 
direct or indirect. Direct exposure measurements are 
those made with ionization chambers or instruments 
calibrated in terms of air ionization. Indirect methods 
are those where dose is calculated from activity measure- 
ment. The rates of exposure from medical industrial 
practice and from terrestrial and cosmic radiation are 
sufficiently high to allow direct measurement. Exposure 
tates from other sources are low and the dose must 

be estimated indirectly by activity measurement 
and subsequent calculation. 

10. A survey of the methods of measurements which 
have been found to be valuable in relation to the work 
of the Committee is given in annex E. 


IV. NATURAL SOURCES OF RADIATION 


11. Man is exposed to radiations from: (a) external 
sources, namely cosmic rays and terrestrial radiations 
from radioactivity in the the air and buii 
construction materials, (®) internal sources 
as the radioisotopes potassium-40 and carbon-14 which 
are normal body constituents, radium and thorium de- 
posited in bone and radon, thoron and its disintegration 
products in solution in blood and tissues. 


External natural sources 

12. The penetration of the cosmic radiation at sea 
level is so great that the dose rate of all organs of the 
human is practically uniform and equal to the dose 
rate in air. This dose rate is of the order of 30 mrem per 
year. 

13. The variation of cosmic ray intensity with altitude 
and geographical location is known. The altitude effect 
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is the more important: from sea level to 3,000 m the dose 
rate increases by a factor of approximately 3. At sea 
level the range of variation with latitude is 14 per cent; 
at an altitude of 4,000m it increases to 33 per cent. 
There are also small longitudinal and temporal varia- 
tions. Cosmic ray intensity is only slightly reduced even 
inside massive stone buildings. 


14. Radiations from the ground arise from radio- 
active elements in rocks and soil. The concentrations of 
these radioactive elements (uranium, thorium and their 
decay products, and potassium) vary widely with geo- 
logical conditions and are generally higher in granitic 
rocks than in sedimentary formations or ‘soil. Areas 
rich in some of these radioactive elements (e.g. monazite 
sand areas as in Kerala, India and Guarapari, Brazil) 
show exceptionally high radiation intensities®*’. The 
radiations from the radioactive elements contained in 
some building-construction materials (masonry) often 
more than compensate for the shielding effect of the 
building, so that indoor exposures are frequently higher 
than those out of doors. 


15. On account of the penetrating character of these 
radiations, the gonad, osteocyte and marrow doses may 
be considered to be approximately the same. Taking into 
account the shielding factors and time spent in buildings, 
it is estimated that radiations from the ground and from 
building-construction materials contribute in the range 
of 50 mrem per year to the gonad dose®*. This 
is representative for the major part of the population in 
the areas for which values have been reported. In high 
activity areas, such as those mentioned above, the dose 
may range up to 830 mrem per year®*’. 

16. Radon and thoron diffuse from the earth and 
building materials and constitute a minor external radi- 
ation source from which the gonad dose is approximately 
1 mrem per year in normal circumstances. High con- 
centrations of radon and of its decay products have been 
observed in ill-ventilated rooms of masonry buildings in 
certain areas. Under these conditions slightly enhanced, 
but still small, gonad doses may arise. 


17. Thus, gonad, — and marrow doses from all 
external sources are usually of the order of 75 mrem per 
year, but may range up to 190 mrem per year with local 
conditions in many countries, whilst in the high activity 
areas they may range up to 830 mrem per year™*". 


Internal natural sources 


18. Some of the normal constituents of the human 
body are radioactive. The specific activity of potassium- 
40 is about 10° curies per gram of natural potassium ; 
carbon-14, formed by interaction of cosmic rays with 
the air, has an equilibrium concentration of about 7.10" 
curies per gram of carbon, corresponding to the specific 
activity of the carbon of the atmospheric carbon dioxide. 
The specific activity is constant and therefore the dose 
from these radioactive isotopes is determined solely b' 
the potassium and carbon content of the tissues. Soft 
tissues of the body receive a dose of about 20 mrem 
per year from internal potassium-40 and of 1-2 mrem per 
year from carbon-14. The bone (marrow excluded) 
contains less potassium than soft tissues, and the osteo- 
cyte dose from potassium-40 is of the order of 10 mrem 
per year; bone doses from carbon-14 are similar to soft 
tissue doses from the same isotope. 


19. Soft tissues receive a dose from radon, thoron 
and their disintegration products taken in from the at- 
mosphere and dissolved and retained in the tissues ; the 
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dose rate is 2 mrem per year. This rate is substanti 
increased in areas of high natural radioactivity and in 
badly ventilated buildings constructed of materials con. 
taining radioactive elements. The osteocyte dose from 
this source is negligible. Radium is taken up from the 
environment and is deposited together with calcium in 
bone structure. The average osteocyte dose from radium 
is in the range of 38 mrem per year, but it may be ten 
times larger in some geographical areas. With a random 
distribution of the radium in the bone, the average mar. 
row dose will be 2 to 5 per cent of the osteocyte dose, 

20. From the above-mentioned figures, the total soft 
tissue dose from natural internal sources is computed 
to be 23 mrem per year, the osteocyte dose is in the range 
of SO mrem per year, dependent on the radium content 
of the bone, and the marrow dose is approximately 1§ 
mrem per year. 

Summary 

21. Estimates of doses which arise from natural 

sources are given in table I. 


TaBLe I. ANNUAL DOSES FROM NATURAL 
RADIATION SOURCES* 


Annual dose 


Gomad dose Osteocyte dose 


(m=rem) 


28 
47 
2 


il 


100 130 


* The totals in the table are for “normal” natural radiatien 
intensities; in certain areas the values range up to ten time 
higher than those given. 


22. Detailed considerations of natural radiation 
sources are to be found in annex B, including more 
complete data for different areas. 


V. MAN-MADE SOURCES 
(except environmental contamination) 

23. At the present time radiation exposures from 
man-made sources (excluding environmental contamins- 
tion) arise principally from: 

(a) Medical uses of X-rays and radioactive materials, 

(b) Industrial and research uses of X-rays and radio- 
active materials, and 

(c) Other sources such as luminous dials of watches, 
television sets and shoe-fitting fluoroscopes. 

Medical uses of X-rays and radioactive materials 

24. Medical uses of X-rays and radioactive materials 
are: 

(a) Diagnostic uses of X-rays, 

(6) Use of X-rays and external radioactive sources 
for radiotherapy, and 

(c) Use of radioactive isotopes as internal sources 
for diagnosis and therapy. 

This section deals only with the exposure of patients. 
Occupational exposure from medical uses of X-rays and 
radioactive materials is treated in paragraphs 34-35. 
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Diagnostic uses of X-rays 

25. The diagnostic use of X-rays has been of great 
value in the development of medicine. The wide use of 
these methods in some countries and their increasing 
application in many others make it important to consider 
any risks that such radiation may entail. Estimations of 
the contribution to the annual genetically significant dose 
from diagnostic X-ray procedures have been made for 
some countries in which, however, the use of X-rays is 
extensive. In some of these countries this contribution 
seems to be about equal to that from natural sources. 
A detailed discussion on the values, which are presented 
in table II, is given in annex C. It should be noticed that 
all estimates of the genetically significant dose depend 
on assumptions as to the average child expectancy of 
various groups of patients of which little is yet known. 


TaBLe I]. ESTIMATED LEVELS OF GONAD EXPOSURE 
FROM DIAGNOSTIC X-RAY PROCEDURES 
Annual genetically significant dose (mrem) 


Estimated minimum Probable value 





Denmark ; 17 

England and Wales... . 23 

France 57 

Sweden 38 
USA... . 50 + 30 150 + 100 


Annual per capita gonad dose (mrem) * 


Austria . ~_ 16-24 
Japan... Setar és 10-30 


eee 

* The per capita gonad dose has been found to differ but little 
from the genetically significant dose in countries for which both 
have been estimated. 


26. More than 80 per cent of the genetically significant 
dose from diagnostic X-ray exposure is contributed by 
six or seven procedures (those involving the region of 
the lower abdomen and pelvis) during which the gonads 
are usually in the primary field. However, these pro- 
cedures constitute only about 10 per cent of all ex- 
aminations. 


27. For countries with an extensive use of X-rays, 
the average annual marrow dose of the population can 
be estimated to range beyond 100 mrem per person. 
This figure is very close to the per capita marrow dose 
from natural radiation. X-ray examinations of the 
gastro-intestinal tract and of the chest (including mass 
chest X-ray surveys) give the highest contributions to 
the average marrow dose. A comparison between dose- 
contribution is relevant only if a linear dose-effect rela- 
tionship can be assumed. The average marrow dose per 
examination varies within the range 1-1,000 mrem for 
different types of examinations, and the individual doses 
may show a large variation around each average. This 
will mean the existence of some heavily exposed indi- 
viduals who, in the case of a non-linear dose-effect 
relationship, may run a much higher risk than is indi- 
cated by the dose figures. All figures mentioned above 
refer to the mean dose in the whole mass of active 
marrow, of which only a small fraction may actually be 
exposed. The exposed marrow may in extreme cases 
receive very high doses, especially in the case of fluoros- 
copy where the dose-rate in the irradiated marrow may 
be several rem per minute. 


28. The data submitted from several countries indi- 
cate that it may be possible to reduce the diagnostic 
exposure considerably by careful attention to techniques. 
Valuable precautions are described in the current recom- 
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mendations of the International Commission on Radio- 
logical Protection and are collected and further elabo- 
rated in the report of the joint study group of the ICRP/ 
ICRU (See annex C). The annual genetically significant 
dose that may be achieved with good practice without 
detriment to diagnostic information has been estimated 
to be 15 mrem for Sweden. 


Radiotherapy 


29. The contribution from radiotherapy in England 
and Wales has been estimated to be appreciably less than 
that from diagnostic procedures but greater than that 
from any other man-made contribution. In the United 
States, the annual genetically significant gonad dose from 
radiotherapy has been estimated at roughly 10 mrem. 
This estimate is based on what appear to be rather con- 
servative figures for the number of treatments per year 
contributing to the genetically significant dose. Published 
data for Australia and Denmark estimate a contribution 
to the genetically significant dose from radiotherapy of 
28 mrem per year and 1 mrem per year respectively. 


30. The estimated values are not strictly comparable, 
since different assumptions have been made in each. In 
the United States estimate all treatment of malignant 
conditions was disregarded because : 


(a) A high percentage of patients were above the 
average age of child-bearing, and 


(6) For many, the prognosis was bad, so that the 
chance of subsequent parenthood was small. 
In the published estimate for Australia, simplifying 
assumptions were made as to the area of field treated 
and the dose delivered in the treatment of mali t, 
re-malignant and non-malignant conditions. In addition, 
it was assumed that a normal child expectancy existed 
for all surviving patients not assumed to be sterilized 
by the irradiation. In the Danish survey it was assumed 
that the patients treated for malignant conditions had 
one-fifth the child expectancy of normal individuals. In 
the summary table (table III) the range of values is 
quoted. 


31. In considering induction of somatic injuries, the 
dose from some treatments, such as those of skin cancer 
and of various benign conditions, should be included in 
the population average, since prognosis is relatively good 
and the patients are not ruled out on the age factor. 
Hence, it appears that radiotherapy may give a contri- 
bution to marrow exposure of higher relative significance 
than the contribution to the exposure of the ds. No 
estimates of the per capita mean marrow dose (from 
radiotherapy) were available to the Committee. 


Medical uses of radioactive isotopes (internal 

ad ministration) 

32. The principal contributions to the lation dose 
from the medical use of radioisotopes arise from the 
use of iodine-131 and phosphorus-32, which are most 
widely employed. While considerable quantities of gold- 
198 are used, the biological significance of exposure from 
this source is negligible since gold-198 is generally limited 
to palliative treatment of incurable conditions. Other 
radioisotopes are used.in very small quantities and al- 
most entirely for diagnostic purposes. 

33. Estimates of the average gonad dose resulting 
from the use of iodine-131 and phosphorus-32 can be 
based upon information about either treatments or radio- 
isotope shipments, the first approach being more accurate 
and preferable. From the report of the ICRP/ICRU 
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joint study group and other information available to the 
Committee it seems likely that the genetically significant 
dose is lower than 1 mrem per year, even in the countries 
for which the highest figures can be expected. 


Industrial and research uses of X-rays and 
radioactive materials 


Occupational exposure 


34. Industrial, medical, atomic energy and research 
workers are subject to radiation exposure resulting from 
their occupation ; they may also inhale or ingest radio- 
active material. Exposure of atomic energy workers is 
in all countries estimated to contribute less than 1 mrem 
per year to the genetically significant dose received by 
the population. The exposure of medical, industrial and 
research workers is less accurately known but probably 
adds at the present time less than 1 mrem to the annual 
genetically significant dose even in technologically ad- 
vanced countries. 


35. The Committee notes that systematic measurement 
and recording of the exposures of medical, industrial 
and research workers is desirable since some individual 
doses are likely to be relatively high. 


Other sources of radiation 


36. Watches and clocks with radioactively luminous 
dials give an annual genetically significant dose of about 
1 mrem. X-rays from television receivers contribute less 
than 1 mrem. X-rays from shoe-fitting fluoroscopes con- 
tribute still less, as they expose a relatively small number 
of individuals, but might be an important hazard to the 
exposed individuals. 


Summary 
37. The doses from the principal man-made sources 
other than environmental contamination are summarized 


in table III and are appropriate for countries with an 
extensive use of these sources. 


Taste III. ANNUAL DOSES FROM MAN-MADE 
SOURCES OF RADIATION 
(except environmental contamination)* 


Source Genetically significant Per capita mean marrow 
dose (mrem) dose (mrem) 


Medical (exposure of 
patients) 
(a) Diagnostic...... 20-150 
(6) Therapy........ 1- 30 No estimate made 
(c) Internal........ Less than 1 Less than 10 
Occupational Less than 2 1-3 


Ranges beyond 100 


*For countries having an extensive use of the radiation 
sources listed and reporting data to the Committee. 


VI. ENVIRONMENTAL CONTAMINATION 


38. Radioactive contamination of man’s environment 
occurs as a result of nuclear explosions and may also 
arise from radioactive waste disposal and accidents in- 
volving dispersion of radioactivity. At the present time 
the radiation doses from these last two sources are neg- 
ligible, but in the future they might become appreciable. 


Radioactive fall-out 


39. Most of ‘the radioactive isotopes which cause the 
environmental contamination following nuclear weapon 
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tests are fission products. There are also some formed 
by neutron induction and some residual fissionable 
material. 
Fall-out mechanisms 

40. Fission products injected into the stratosphere 
constitute a reservoir from which they fall onto the 
whole of the earth’s surface over a period of many years 
(stratospheric fall-out). Fission products not penetrat- 
ing into thé stratosphere may be transported over long 
distances in the troposphere by air currents but are 
deposited on the earth’s surface by rainfall and sedi- 
mentation over a period of a few months (tropospheric 
fall-out). Because of the gradual deposition of fall-out 
from the stratosphere, most of the resulting irradiation 
of man arises from radioactive isotopes of long half-life 
such as strontium-90 and caesium-137. In contrast, the 
earlier deposition of tropospheric fall-out makes it nec- 
cessary also to consider the doses from radioisotopes of 
much shorter half-life such as strontium-89, zirconium- 
95 and ruthenium-103 and 106, iodine-131, barium-140 
and cerium-144. 


41. Near the test site there is an early deposition of 
radioisotopes which is influenced by various meteoro- 
logical and testing conditions and which may involve a 
special hazard to any individual in this area of immediate 
local fall-out. 


42. Meteorological conditions and the predominant 
occurrence of nuclear tests in the northern hemisphere 
cause a non-uniform deposition of the longer-lived iso- 
topes over the globe, as a result of which countries be 
tween’ 30° and 50° North experience a deposition of 
these about three times as great as the world-wide aver- 
age. Countries in the southern hemisphere and in the 
tropical belt have smaller deposits with a maximum 
between 30° and 50° South, of the order of the world- 
wide average value”**. In some countries, tropospheric 
fall-out increases the deposition of the longer-lived iso 
topes strontium-90"by a small amount. Local meteoro- 
logical and climatic factors influence the extent and mode 
of the deposition in a particular locality. 


Measured contamination of air and ground by 
strontium-90 and caesium-137 


43. Results of measurements of strontium-90 and 
caesium-137 concentrations in different materials are 
given in annex D. These show an average air concentra- 
tion at ground level of strontium-90 of the order of 10” 
to 10°" c/1 in 1956-1957™""*, Values for strontium-% 
deposited on the ground at the middle of 1957 were 
about 8m¢e/km? in Japan, 8mc/km? in the United King- 
dom, 4-21mc/km? in the United States and 3-12 mc/km' 
in the Soviet Union, in the northern hemisphere, and 
about 4mc/km? in Argentina, in the southern hemi- 
sphere. At the middle of 1957 a caesium-137 deposit of 
about 6mc/km? was measured in Japan and Sweden 
(tables XV, XVI and XVIII annex D). 


Uptake of radioisotopes 


44. Radioisotopes enter the human body by inhala- 
tion of airborne material and more particularly by it 
gestion following (a) uptake by and deposition on 
vegetation, (b) transfer through animals, (c) contami- 
nation of water supplies. In this respect strontium-, 
caesium-137 and iodine-131 are of special importance. 
The particulate nature of fall-out and the occurrence 
of single particles with an activity higher than the aver- 
age might result in the intake, by a single individual, of 
an amount of radioactive material exceeding that cal- 
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culated on the assumption of uniform distribution of 
the fall-out deposit. The relative importance of the 
various modes of intake must, however, be considered in 
assessing the significance of this. 


Doses from external sources 


45. For the computation of dose from fall-out deposit 
many factors besides the deposition of radioactive mate- 
rials should be considered, such as the weathering effect 
on the deposit, leaching through soil and shielding by 
buildings. a into account the fall-out material de- 
posited up to 1958 and excluding the additional radio- 
active material to fall from the reservoir existing at that 
time, gonad doses of the order of 1 to 20 mrem have 
been computed for a 30-year period. The wide range of 
these estimates is largely accounted for by regional vari- 
ations. The computations have been made using a re- 
duction factor of 10 for attenuation and shicihag of 
buildings, and for weathering effects. Values suggested 
for this factor in reports submitted to the Committee 
range, however, from 3 to 21. It should be pointed out 
that the gonad dose from external gamma radiation from 
fall-out deposit is in most cases small compared with 
the gonad dose from fall-out radioisotopes taken into 
the body***. 


Doses from internal sources of stratospheric origin 


46. Radioactive materials entering the human bod 
deliver a dose closely related to the time during whic 
they are retained by the body. This means that many of 
the radioisotopes produced in fission do not present in- 
ternal radiation hazards since they do not enter signifi- 
cantly into metabolic processes. Therefore, attention has 
been centred on icisotopes which are potentially 
hazardous by reason of some or all of the followir 
factors: (1) high fission yield, (2) fairly long physi 


half-life, (3) efficient transfer through the food-chain 
to the human diet, (4) high absorption by the body and 
(5) long biological retention time. Special consideration 
has been given to elements that concentrate in specific 
tissues even — they do not have all the character- 


istics discussed. Using these criteria, the important 
radioi should be ed to be strontium-90 and 
caesium-137, Other long-lived radioisotopes are con- 
sidered relatively unimportant as internal hazards as 
their incorporation in the body is poor. Iodine-131, al- 
though of short half-life, is given consideration because 
of its selective concentration in the thyroid gland. 

47. In addition to fission products and neutron-in- 
duced activities, some of the residual fissionable material 
will also be distributed by meteo! ical conditions and 
can be hazardous since it consists of alpha-emitting bone- 
seekers. However, absorption by the body is so very low 
that there is at present no evidence of any e of 
these materials in human tissues. 


Strontium-90 in food-chains 
48. Since strontium and calcium are chemically simi- 
lar, strontium-90 follows calcium through the food- 
chains from the environment to man and is eventually 
incorporated with it in bone. It has been found that, in 
the different steps in this chain, there is some degree of 
imination against strontium. This depends upon 
differences in the utilization of the two elements in 
various biological processes.?**-** 
49. Computations on the transfer of strontium-90 
from fall-out to human bone are complicated by the 
possibility that equilibrium conditions have not yet been 
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reached throughout the chain and also that some of the 
first steps may be more di t on fall-out rate than 
on the accumulated deposit of strontium-90. Dietary 
habits in different countries also vary considerably. Thus 
milk is by far the most important contributor of calcium 
to the human diet in some of the world, whereas, 
in other parts, leaf v and cereals are the most 
important contributors. It follows that it is difficult to 
calculate with accu the transfer of strentium-90 
from soil through the food-chain to human bone but in- 
formation on concentrations in foods and human tissues 
is available from direct measurements. 


Strontium-90 in foodstuffs 

50. Concentrations of strontium-90 in various food- 
stuffs differ for different countries. Expressed in micro- 
microcuries strontium-90 per gram calcium,* the ranges 
of average concentrations in milk from different loca- 
tions were in 1955 about 1.9 to 7.2, in 1956 1.2 to 88, 
and in 1957 2.7 to 16. In 1956, white rice in Japan 
contained 36 to 62 S.U. while frozen vegetables in the 
United States in 1956-1957 contained about 9 S.U., 
ranging from 1 to 29 S.U.>** 


Strontium-90 in man 

51. Mean levels of strontium-90 measured in the 
bones of children under the age of 5 years (excluding 
stillborn) were, tee in strontium units, 1.5 (Can- 
ada, ba 1956 to May 1957) 1.15 (United Kingdom, 
1957), 0.67 (United States, july 1956 to June 1957), 
and 2.3 (USSR, second half of 1957). range of 
values is typified by the interquartile values for the 
United Kingdom measurements, 0.7 to 1.8 S.U., while 
the data fer the United States show an approximate 
gaussian distribution with a standard deviation of about 
40 per cent. The age group of 0 to 5 years represents a 
population that spent all its life in a contaminated 
environment where the level of contamination of the diet 
was increasing. The quoted strontium-90 concentrations 
contribute an average dose of about 2 to 6 mrem per 
year to the bone cells (osteocytes) or a mean bone mar- 
row dose of 0.7 to 2 mrem per year. A marrow cell 
which is almost enclosed by bone would receive a dose 
which may be equal to that in compact bone. The maxi- 
mum marrow dose received by these cells could differ by 
a factor of about 5 from the quoted mean marrow levels. 


52. The strontium-90 content in bone of the full-term 
foetus is found to be less than that in bones of children 
of under 5 of age. This is typified by results from 
the United Kingdom where the mean level for stillborns 
was about 0.55 S.U. in 1957 (42 samples). The stron- 
tium-90 concentration in the latter part of the foetal 
life is directly correlated with the strontium-90 con- 
centration in the mother’s blood and this concentration 
will increase as the contamination of food increases.>***" 


Caesium-137 in man 


53. The contamination of food sources by caesium- 
137 has been found to be rather more dependent at 
present on fall-out rate than upon the accumulated de- 
ae Caesium-137 concentrations are often expressed 

y the caesium-137/potassium ratio. Some evidence 
exists, however, that the metabolism and routes of entry 
into the human of these two elements are to some 
degree different that a biological meaning similar to 


*1 micromicrocurie strontium-90 per gram calcium is called 
1 strontium unit, or 1 S.U. 
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that of the strontium-90/calcium ratios should not be 
implied. Because of the short biological half-life of 
caesium-137 (about 140 days), the level of this ae 
in the human body must approach equilibrium with the 
environment relatively quickly.>**-"° 

54. Measurements of caesium-137 in humans in the 
north temperate zone showed a range of 25 to 70uuc per 
gram of potassium during 1957, corresponding to a 
gonad dose of about 1-mrem per year (ranging from 
about 0.5 to 2 mrem per year). On the assumption that 
the caesium concentration is the same in the marrow as 
in other soft tissue, the average marrow dose is com- 
puted as about 1 mrem per year.?"*-"* 


Doses from sources of tropospheric origin 


55. Fall-out from the troposphere consists mainly of 
short-lived isotopes. The dose contributions therefore 
depend to a great extent on fall-out rate rather than 
on total deposit. Since the mean residence time in the 
troposphere is relatively short there would be no further 
exposure from these isotopes shortly after tests were 
stopped. 

56. Tropospheric fall-out occurs predominantly in the 
latitudes in which tests are conducted and the zones 
mostly affected are determined by the predominant 
weather conditions in those latitudes. Caused mainly 
by the distribution of test-sites, the world-wide distribu- 
tion of tropdspheric fall-out follows roughly the pattern 
of the stratospheric fall-out. The doses from tropo- 
spheric fall-out, therefore, are likely to vary with geo- 

phic location roughly in the same manner as doses 
va stratospheric fall-out. 

External sources 

57. The tropos ic material has an observed mean 
residence time of two to four weeks and although it is 
deposited intermittently during the year, a certain de- 

it of short-lived activities is built-up and maintained. 

¢ reported values jndicate a level of short-lived radio- 
activity maintained at about 50 to 200 mc/km’. 


Allowing a factor of 10 for shielding es 
this gives annual d and mean bone marrow doses o! 


the order of 0.25 to 1 mrem. Locally, even at distances 


of several thousand kilometres from test-sites, levels of 


the same order as from the natural radiation background ° 


(2 mrem/week), however, have been observed for a few 
days after tests.°"* 


Internal sources 


58. The air concentration of fission products at 

level has been apes to be around 10° c/l 

luring 1957. Assumi t this material has the same 
composition as the fall-out, the annual doses resulti 

from inhalation can be computed to be of the order o 

0.1 mrem or less, except for a — dose of about 0.6 

mrem. If the material is insoluble, an annual lung dose 

of about 1.5 mrem may be expected.” 


59. Dose contributions from short-lived activities can 
be introduced through food-chains when the food has not 
been stored for a long time. Storage of food reduces the 
— of short-lived isotopes, which makes it very 
difficult, if not impossible, to give world-wide average 
annual doses from tropospheric material. 

60. Strontium-89/strontium-90 activity ratios in milk 
have been reported as fluctuating in the range 1 to 25 
(Canada, Norway, United Kingdom, United States), 
the values ly depending on whether the cows were 
on pasture. The strontium-89 may thus give rise to a 
bone dose ranging from about 1 to 20 per cent of the 
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dose from strontium-90. Barium-140, in the amounts 
that co to the mean residence time of the 
spheric fall-out (two to four week) gives a dose con- 
tribution that is less than 10 per cent of that from 
strontium-89,>*-** 

61. Measurement of iodine-131 is of interest because 
of the selective concentration of iodine by the thyroid 
gland of man and animals. It is not possible to state 
representative thyroid dose. Measurements in the United 
States for the period of 1955 to 1956 show that, exclud- 
ing areas immediately adjacent to test-sites, the annul 
thyroid dose in man averaged about 5 mrem. Doses tp 

ds and other soft tissue from iodine-131 are neg- 
ible,D*-0 

62. Dose contributions from short-lived activities are 
dependent on fall-out rate. In, cases where the 
ence on deposit is dominant, as for strontium-90 in the 
equilibrium that will eventually be reached if tests con- 
tinue, contributions from short-lived activities will be 
negligible. 

Future doses from stratospheric fall-out 


63. Prediction of future levels of stratospheric fall- 
out requires information on the processes connected 
with the injection of long-lived radioisotopes into the 
stratosphere and the chain of events that occur between 

*injection of the radioactive material and its appearance 
as fall-out on the ground. Available infoxmation would 
allow at most.a short-term extrapolation, 

64. The extrapolation over a short period is, however, 


insufficient for evaluation of the biological hazards from 


periods much longer than those i and 
arbitrary assumptions have to be introduced. oma 
the estimated values a matter of speculation ; and it is, 
furthermore, very difficult to give any indication as to 
the degree of uncertainty. Detailed discussion on the 
prediction of future fall-out levels for certain hype 
— conditions is given in annex D, paragraphs 
65. Table IV gives 30- and 70-year doses calculated - 

( figures 

crags per fall-out. Taking into: account 
shielding effects of buildings and weathering effects on 
the deposit, external contribution from the stratospheric 
fall-out is expected to contribute about 20 to 40 per cent 
of the gonad dose. 

66. It should be emphasized that the figures for doses 
from strat ric fall-out are comput irom poe 
ion weighted world-wide average estimates of 
rate and deposit. Therefore, onal dose levels differ- 
ing by a factor of about one-fifth to two can be expected, 

ing mainly upon latitude.** In some areas of the 
ee fall-out may tend to raise the 
upper limit of this range, especially in the vicinity of 
test sites. 

67. For the calculations of future fall-out rates 
deposits two assumptions are used: (a) the rate of fall- 
out of strontium-90 will remain in the future«at the 
constant value observed for the last four years, or (0 
the rate of injection af strontium-90 into the 
sphere will remain in the future at a value equal to th 
mean value for the 1954 to 1958 inclusive. 
second assumption gives a value for the fall-out rate 
deposit at equilibrium about a factor of 2 higher 
that calculated by using the first assumption. 
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-TaBLe IV. ESTIMATED DOSES FROM STRATOSPHERIC FALL-OUT* 
(Computed from population weighted world-wide average values of stratospheric fall-out rate and deposit”) 


Per capita meas marrow dose: 


deriving mos! of dietary deriving most of dietary 


—————— 
Maximum for ony SE par ported (ent) Sietase i xp Fooew gots Gens 
snes ensctesnntnsaiE 


0.010 


Weapon tests cease at end of 1958... 
Assumption ot Assumption b4 


Weapon tests continue until equilib- 
rium is reached in about a hundred 
; 0.10 


33 

55 

‘ 62 

Weapon tests continue...... — 100 


* The methods used for calculation of these doses are given in 


phs 91 to 126 of annex D. 
gene Leapeh-qneaietien, iekiens medieeliorcemean 
from estima on average 
values because of the latitudinal variation of fall-out rate and 
deposit. In some areas of the world the ic fall-out may 
tend to raise the upper limit of this range, especially in the 


vicinity of test sites. 
* The extent to which these estimates apply to populations of 


different dietary habits and to those living in areas of differing 


68. The caesium-137 taken into the human body has 
been considered to be the main radiation source to the 
gonads and it has been assumed that the human burder 
of caesium-137 is a quantity it on fall-out rate 
only. The body burden of caesium-137 resulting from 
acertain value of fall-out rate has been found to vary by 
a factor of 2 owing to differences in dietary habits. 

69. For the bone-marrow dose calculations, relation- 
ships between the bone content of strontium-90 and the 
accumulated deposit have been used. These relationships, 
which are discussed in detail in annex D to this report, 
depend on the soil characteristics and the dietary habits 
in the areas considered. The diet and soi! characteristics 
used in the computations correspund to available data 
from the United States, the United Kiagdom and from 
Japan for the two types of main calcium sources men- 
tioned in the table, namely milk and rice. In actual prac- 
tice populations do not subsist entirely on either milk or 
rice, and these calculations should, therefore, be accepted 
a8 approximations. local variations are possible : 
for example, variations by a factor of about 3 are indi- 
cated for the Japanese data, because of variations in soil 
characteristics, Application of these figures to other 
countries of apparently similar diets also implies un- 
certainties.D*1¢-1#2 

Radioactive waste 

70. Another aspect of environmental contamination is 
related to the disposal of radioactive wastes from atomic 
energy plants, This includes problems such as the ulti- 
mate disposal of fission products from spent fuel ele- 
ments, the release of low-level wastes from the normal 
operation of reactors and chemical processing plants, 
and the possibility of accidents. The Committee has not 
given any detailed consideration to the technical aspects 
of these problems, but from information available it is 
clear that there is no general population hazard from this 
cause at the present time. The Committee realizes that 
these problems may become of importance in the future 
and considers that the release of radioactive wastes 
should be made a matter of international co-ordination 
and agreement. 

VII. SuMMARY AND CONCLUSIONS 
71. The sources of radiation to which mankind is 
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14 


0.16 0.96 


Assumption a4 Assumption b4 Assumption ot Assumption 4 


1.3 28 75 17 
mexzimum . 
‘Assumption a ‘Asrum pion 

13 6 

24 16 

« 26 

42 3S 

100 100 

soil conditions is discussed in 69. 

bs ion ¢ is that the injection rate is such as to maintain 
. o bi a a ee 
assumption } is weapon mn 
oan oS see hal 

: i oe iese a the end of 1958 
will be repeated at constant rate. This second will 
give an equilibrium value for the fall-out rate deposit 
STS ater el Stiga Cas Gat eee as 

t assumption. 

exposed include natural sources, medical, industrial and 
research uses of radiation, environmental contamination 
due to nuclear explosions and release of radioactive waste 
from atomic ene: its and miscellaneous sources 
such as luminous dials of watches, television sets and 
shoe-fitting . Medical, industrial and re- 
search uses of radiation expose only a fraction of the 
population, whilst natural sources and environmental 
contamination expose the whole population to a more 
or less uniform level. Average doses to the population 
from all these sources are, however, of significance with 
regard to the genetic effect and possibly with regard to 
some somatic effects. 

72. The exposure from these sources is summarized 
in table V, which gives the genetically significant 
dose and the per capita mean marrow dose. Ly puns 
cally significant dose has been calculated for a em 
period and the marrow dose for a 70-year period. These 

are relevant to the genetic burden and the pos- 
sible induction of leukemia respectively. The contribu- 
tion from occupational exposure is at present small com- 
pared to that from the other sources of radiation. Al- 
though immense quantities of radioactive materials will 
be produced in the future use of nuclear reactors, the 
exposure from this source is a pees negligible and 
could in the future be maintained at very low levels by 
appropriate procedures. 


73. Comments on each of the sections of table V are 
given in the following paragraphs, together with some 
ualifications regarding the applicability of the various 
, Under the appropriate headings, indications for 
future fields of investigation are also outlined. 


Natural sources 


74. Exposure of the human population from natural 
sources is fairly uniform over the earth and a repre- 
sentative figure is quoted in the table. However, areas 
in several countries show dose levels considerably in 
excess of those given in the table. More data are needed 
concerning exceptionally large local variations of ex 
sure from natural sources. These data can be of value 
in radiobiological research only if good demographic 
data for the population in the areas exist. 
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Man-made sources (except environ- 
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tional exposure)*. . 
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* For countries having an extensive use of the radiation sources 
listed and reporting data to the Committee. : 
a Doses for certain technologically highly developed countries 
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Senge shen tang Sine tye Rater <tee 48 08 
from estimated population weighted world-wide average 
values pane of the an ao of fall-out —, and 
deposit. In some areas world, the tropospheric -out 
mey tend to raise the upper limit of this range, especially in the 
“ic ro . — — la ted world-wide of 

é pu rom population weighted world-wide average 
stratospheric fall-out rate and deposit. . 

* The extent to which these estimates apply to populations of 
different dietary habits and to those living in areas of differing 


Man-made sources (except environmental 
contamination) 

75. The doses shown under the heading “man-made 
sources” in the table result mainly from medical diag- 
nostic X-ray procedures. The figures, which contain 
large uncertainties, refer to countries in which those 
procedures are now widely applied, and in these coun- 
tries increasing use may be largely compensated for 
by improvements in technique. Although these figures 
are not at present representative. for many countries 
with less extensive medical facilities, the use of X-rays 
in these countries can be expected to increase greatly 
in the next few decades. The diagnostic use of X-rays is 
an indispensable medical aid, and therefore a continuing 
exposure to mankind from this source will necessarily 
be incurred. 


76. In addition to the diagnostic X-ray procedures, 
radiotherapy and the medical use of radioisotopes con- 
tribute to the population exposure in certain countries 
with extensive medical facilities. The per capita dose 
from radiotherapy may amount to 20 per cent of that 
from diagnostic’X-ray procedures. However, the signifi- 
cance of the radiotherapeutic contribution depends on 
the life expectancy of the patients. The genetically si 


nificant dose from the medical use of radioisotopes 
less than 1 per cent of that from diagnostic X-ray 
exposure. , 

77. As medical practice varies considerably, not only 
from country to country but also from hospital to hos- 





soil conditions is discussed in paragraph 69. 

Assumption ¢ is that the injection rate is such as to maintain 
a constant fall-out rate of strontium-90 and caesium-137, whereas 
assumption } is that weapon tests equivalent in release and 
stratospheric injection of fission products to the whole 
of weapon tests from the i of 1954 to the end of 1958 
will be repeated at constant rate. This second assumption will 
give an equilibrium value for the fall-out rate deposit 
a tely a factor of 2 higher than that calculated by using 
the first assumption. 

© The ae ioe Gaon ovta ncaa tae 
tropospheric fall-out in accordance with paragra , using & 
value of 0.5 mrem/year for the period of testing. 


pital within the same country, it is very difficult to state 
the average practice within a general ion. Recom- 
mendations with regard to suitable sampling procedures 
for etueing the genetically significant dose have been 
given by the ICRP/ICRU Study Group (cf. annex C). 

78. It seems likely that the present exposure per ex- 
amination during diagnostic procedures can be reduced 
considetably, without detriment to their value, by adopt- 
ing m of the type recommended by the Tnterse- 
tional Commission on Radiological Protection. Future 
technical improvements in X-ray equipment and auxil- 
iary devices may also result in reduced exposure per 
examination, if their use does not invite more extensive 
examinations. 

79. A reduction in dose might be achieved by a further 
consideration by the medical profession of the circum- 
stances in which X-ray diagnosis is appropriate. This 
could be facilitated by statistical information on the 
importance of each examination class for the reduction 
of any specified morbidity. Administrative co-ordination 
between authorities who ire that certain examina- 
tions be made in the routine eee of i 
populations or special groups, such as school-children, 
students, employees, could well be improved. 


80. Whilst much of the foregoing discussion relates 
te pages supneionty iS amet bs etekeae Nigsiee 
vidual doses may be incurred during particular X-ray 
diagnostic procedures especially where poor techniques 
are used. 
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81. Although the occupational exposure is at present 
of little significance for the whole population, the dose 
to individuals may involve special exposure problems and 
should be checked by the complementary techniques of 
site and personal monitoring. 


82. A number of sources of radiation, such as lumi- 
nous watches, television sets, shoe-fitting machines, con- 
tribute to the population dose by an amount of the order 
of 1 per cent of the total contribution from man-made 
sources. 


Environmental contamination 


83. The Committee has received extensive informa- 
tion on the strontium-90 and caesium-137 concentrations 
in soil, plants, animal and human foods and in human 
—. owever, there are many countries from which 
no data have been submitted. information so far 
received, whilst not sufficiently extensive to give a com- 
prehensive world-wide picture, does enable useful con- 
dusions to be drawn. 


84. Levels of strontium-90 and caesium-137 vary with 
phical location. In addition, other factors such as 
agricultural conditions and practices, especially of soil 
and water management, living and dietary habits and 
food technology will influence the level of these isotopes 
in man. Because of these factors, caution is necessary 
in applying data obtained in one area to an estimation of 
the contamination of the diet in another area. 


85. There are at — no practical methods of pre- 
venting the entry of these radioisotopes into the human 
body once they have been released into the environment. 


86. The model used in calculating the doses from en- 
vironmental contamination as set out in annex D of this 
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report is able to give valuable information for the near 
future, but the doses given for the 30-year and 70-year 
periods in tables IV and V in this chapter involve extra- 
polations over such an extended period that they must 
be considered as speculative. The figures in the table are 
population — world-wide averages. Countries be- 
tween 30° and 50° North experience levels nearly a 
factor of 2 higher than the population weighted world- 
wide av , whilst countries in the southern hemisphere 
and those in the tropical belt experience smaller . 


87. Adequate knowl on the altitude and latitude 
distribution of fission p in the stratosphere and of 
injection rates is required to decrease our uncertainty 
in the prediction of future doses from fall-out. A better 
understanding of fall-out phenomena would be achieved 
if nations co-ordinated sampling and measurement pro- 
= and exchanged data on methods and results. 

iological sampling should be co-ordinated with fall-out 
sam) procedures. 


88. In order to interpret information from biological 
sampling, it is important to consider data concerning 
soil conditions and pertinent agricultural procedures, 
such as fertilizer practices, depth of ploughing, and also 
food technology. The dietary habits in a given area 
should determine the nature and scope of the sampling 
programme. 


89. The Committee has given initial consideration, in 
co-operation with UNESCO, FAO, and WHO, to the 
potential environmental contamination in relation to the 
Spats of radioactive wastes from atomic energy plants 

considers that this subject should be made a matter 
of international co-ordination and agreement. 
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Chapter V 
SOMATIC EFFECTS OF RADIATION 


1, The eftects of ionizing radiations on man and ani- 
mals have been observed for many years. These observa- 
tions have shown that all mammalian cells are vulnerable 
to this type of injury; they have also demonstrated that 
tissues and people can, to a very large extent, recover 
from radiation injury even after severe damage. The 
clinical manifestations of radiation injury are the end- 
result of the biophysical effects and of the biochemical 
reactions through which radiations produce effects on the 
molecular and cellular level and of a variety of local and 
systemic physiological and regulatory factors which 

termine the course and eventual outcome of any injury 
to the human body. In analysing the action of radiation 
on the body, it is necessary to consider the physical 
factors of exposure as well as the relevant biological 
factors. 


I, PHYSICAL FACTORS 


2. The principal physical factor determining the bio- 
logical effect of ionizing radiation is the dose, defined in 
chapter II. If the dose is expressed in rem, the influence 
of the type of radiation (linear energy transfer) is taken 
into account. The dose of radiation absorbed in all 
organs must be known. Furthermore, since there may 
be important differences between the doses absorbed 
in various organs or even locally within a single organ, 
the distribution of dose is an important consideration. 

3. In the case of external sources of radiation, such 
differences tnay result from the following factors: the 
radiation beam may be directed at only one part of the 
7 (e.g. the hand). The radiation beam may be attenu- 
ated as it passes through the body (e.g. X-rays) ar may 
not even penetrate below the surface (e.g. alpha par- 
ticles). The radiation (e.g. X-rays) may be absorbed 
quite differently by tissues of different chemical com- 
position (bone, muscle). 


4. The distribution in time of the radiation exposure 
must also be considered. The same dose may be received : 
(a) quickly, in one exposure (e.g. 10 minutes); (5) 
slowly and continuously over an extended period (e.g. 
5 years); or (c) fractionally (e.g. 1 single dose each 
year for 10 years). Extending the over-all exposure 
time as in (b) and (c) greatly reduces the amount of 
somatic damage with the exception of those changes 
where a linear dose-effect relationship may apply. 
Factors of importance in determining the duration of 
exposure from a radioactive isotope and its daughter 
prodycts are their physical half-lives, the type and 
energy of the radiations emitted, the time of retention 
and the rate of excretion from the body. 


5. In the case of radioactive isotopes that enter the 
body, the dose distribution is determined by the capacity 
of the various organs to absorb the isotope from the 
blood. Certain isotopes such as sodium remain in the 
fluids of the body and thus travel through the whole 
body. Other isotopes are taken rapidly from the blood 
by a particular organ, as in the case of iodine concen- 
tration in the thyroid gland, or strontium in bone. In 


such instances, the dose of radiation absorbed is largely 
confined to certain organs. The ability of an organ to 
absorb a specific isotope from the blood depends on its 
stage of development and varies from time to time with 
changes in its metabolic state. For instance, in the 
stages of human development, the precursors of bone 
do not selectively absorb strontium. Later on, however, 
during bone growth, strontium is rapidly absorbed. Still 
later, when growth has ceased, the rate of uptake 
decreases. 


Concept of sensitivity 


6. Originally, investigators were struck by the rapid 
and dramatic morphological changes which they observed 
in the blood-forming organs, the skin, the intestines and 
the gonads, and therefore classified these organs as 
“radiosensitive”. The greater doses required to produce 
equally obvious changes in the blood vessels, the lens 
and nervous system led to an intermediate classification 
for these tissues or organs. Finally, muscles and connec- 
tive tissues were classified as “radvo- resistant”, 


7. In the light of our present knowledge, such a 
simple classification is no longer adequate, and in some 
respects may be misleading. There are several major 
factors that enter into the estimation of sensitivity. In 
=. the estimate will depend on the nature and 
unctional or metabolic state of the biological system 
under investigation. More specifically, and perhaps more 
importantly, however, it will also depend on the particu- 
lar part of the system investigated and on the sensitivity 
of the methods employed for this pu . Thus, an 
organ examined with the microscope will appear to be 
more sensitive than when examined with the naked eye. 
Similiarly, an organ examined with the most refined 
physiological techniques may prove to be much more 
sensitive than when examined by classical morphological 
methods. It is apparent that as our method of observation 
changes, the observed sensitivity of the biological system 
will also change. 


Relation between dose and effect 


8. For the scientific study of radiation effects it is 
necessary to know quantitatively the relation between 
magnitude or frequency of biological effects and radia- 
tion dose, i.e. the dose-effect relationship. Various rela- 
tions are theoretically possible; two general types will 
be mentioned here. First, the effect may be direct pro- 
portion to the dose. Thus any dose, no matter how small, 
will have some effect, although after a small dose the 
somatic effect may be minute. Secondly, there may be 
a threshold dose below which no effect occurs. In the 
case of mice of a typical strain, for example, there is a 
threshold dose of about 400 rem (whole-body exposure 
to X-rays) below which practically no acute deaths 
occur. Above this threshold, the number of deaths in- 
creases rapidly with the dose, reaching 100 per cent 
within two weeks after exposure to twice this dose. It 
may be assumed that intermediate relations exist, — 
sented by a curved line, showing extremelv little effect 
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at low dose, thus indicating an “apparent” threshold. 


9. All studies of the dose-effect relationship are com- 
plicated by the unavoidabl> presence of natural radia- 
tions. In man, the annual dose from natural radiations 
is about 100 mrem. It is assumed that a certain amount of 

tic damage (some natural mutations) in man is 
caused by these radiations. It is conceivable that anal- 
ogous changes may occur in somatic cells and that such 
changes, being cumulative with age, may have adverse 
influences. However, there is at present no evidence for 
such an assumption. It is conceivable that noxious agents, 
such as carcinogenic compounds, bacteria, parasites and 
virsuses, in our environment may potentiate the effects 
of radiations. 


10. The interpretation of the dose-effect relationship 
following multiple exposures is more complex than in 
the case of a single exposure ; such an interpretation must 
take into account a variety of biological factors, recovery 
and sensitization, for instance. These factors, which are 
variable, may act separately or in conjunction with each 
other. The injury may build up in simple proportion to 
the exposure or it may not increase because the tissues 
are able to recover before the next exposure occurs. 
However, repeated exposures would act to diminish the 
physiologic reserve of the irradiated tissue, and eventu- 
’ a state can be reached in which repair no longer 

es injury. Moreover, previously irradiated organ- 
isms may show modifications in rad-osensitivity. How- 
ever, such modifications have not been sufficiently 
studied. 


11. Although a characteristic dose-effect curve may 
be associated with each somatic effect, the curve will be 
subject to certain variations which stem from constitu- 
tional differences in the populations of animals or human 
beings. Other factors which have an influence on radia- 
tion reactions are sex and age. For certain effects, 
infants and children react more quickly and with greater 
severity than adults. During senescence, resistance to 
radiation declines. Even within groups of individuals 
homogeneous in age and sex, individual variations occur 
as a result of differences in genetic constitution and 
individual history. 


II. GENERAL PATHOLOGY 


12. Analysis of the biological action of radiations on 
multicellular organisms has shown that the sequence of 
events generally begins with the local damage at the 
place of the primary biophysical event. Such damage 
usually involves cellular and extracellular structures of 
diverse origin and function, and it may r from the 
almost imperceptible to the very gross. The former may 
appear as a transitory change, such as an alteration in 
the permeability of a membrane or an interruption in the 
secretory activity of a cell, whereas in the latter case the 
injury will be quite apparent, as in the case of a radiation 
burn, for instance. 


13. Injury, no matter what its cause, brings into play 
a number of well-known co-ordinated physiological 
events that are concerned with defence and repair and 
with maintenance of the integrity of the organism as a 
whole. Radiation injury follows this universal biological 
law of reaction to injury, although radiations can modify 
these reactions to some extent. It is clear that, without 
repair, we could not use radiations in the treatment of 
malignant diseases. 

14. It is important to remember that radiations do 
not produce effects that are specific or novel in character. 
This is true of the morphological changes as well as of 
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the functional responses. Many of the former can be 
produced by a number of other agents and some of the 
transient functional responses to low levels of radiation 
have been compared to the non-specific alterations asso- 
ciated with the stress-syndrome which can also be elicited 
by a variety of agents. 


15. Radiation injuries have no pathognomonic fea- 
tures which distinguish them from other injuries, 
but with experience and with a history of radiation ex- 
posure, it is possible to recognize patterns of changes 
which are fairly distinctive. Just as mutations produced 
by irradiation do not differ in kind from those which 
occur spontaneously, in the same way, exposure of 
somatic cells to ionizing radiations has not created new 
types of diseases. What has been observed is that the 
incidence of certain types of diseases has been increased 
by such exposures. 


16. It has been observed that, after acute lethal or 
sublethal irradiation, mammals become susceptible to 
infection and, indeed, often die because their natural 
defence mechanisms have been impaired. These mech- 
anisms are complex, but they are chiefly dependent on 
three main functions: (a) natural barriers to invading 
organisms; (5) cellular defence-mechanisms (phago- 
cytosis), and (c) humoral-defence mechanisms (anti- 
bodies). All three of these functions may be severely 
affected by a large single exposure, but the extent of 
impairment from small doses is not known. 


17. Disturbances of immunological mechanisms can 
be produced by external and internal radiation. In the 
latter case, disturbances may occur when the cells of the 
reticulo-endothelial system have incorporated radio- 
active material. This may inhibit the immunological 
functions of the cells. 


18. Exposure to ionizing radiation can lead to the 
formation of pathologic metabolic products in the tissues, 
as is known to occur in some other types of injury, e.g., 
thermal burns. It is ible that these products may 
play a part in the origin of a number of secondary radi- 
ation effects. There is some evidence for the presence of 
certain toxic products in blood coming from irradiated 
organs of experimental animals and in the lymph with- 
drawn from the thoracic duct of these animals. The 
chemical nature of these substances, normally bound 
and inactive within the cell, is not known as yet, -but 
some of them are histamine-like substances. 


19. Certain types of radiation injury require months 
or years to make their appearance. This is true whether 
or not acute manifestations of injury were observed at 
the time.of exposure. Delayed injuries of this type are 
frequently the result of metabolic and nutritional dis- 
turbances in irradiated o s. When the blood supply 
of the organ has also been impaired, the disturbances are 
incre: and lead to marked diminution in function 
accompanied by heightened liability to injury and to 
tumour formation. Such changes are readily observed 
in the skin and can occur in any organ that has received 
a sufficiently high dose, either in one brief exposure or 
over an extended period of time. 


III. Spectat PATHOLOGY 


20. Clinical observations on large numbers of human 
beings and numerous studies on a a of exper- 
imental animals have provided much informa- 
tion on many types of radiation injury in various ——— 
In general, these lesions are the of relatively 


doses of the order of 100 r. and greater, delivered to 
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small parts of the body, but the effects of small doses 
have also been extensively studied. 


The blood-forming organs 


21. The tissues producing the formed elements of the 
blood (red cells, white cells and platelets) are widely 
distributed throughout the body; they are found prin- 
cipally in the bone marrow, the lymph nodes, the spleen, 
the thymus (in children) and in the foetal liver. The 
widespread distribution of these tissues makes it very 
difficult to irradiate any part of the body without ex- 
posing part of this system. 

22. The majority of the cells composing the blood- 
forming organs are known to react promptly and to 
relatively small single doses of radiation. Of the white 
cells, the lymphocytes are the most sensitive and their 
response as measured in the circulating blood is a most 
sensitive indicator of whole-body exposure to radiation 
in man. Under special conditions of clinical investiga- 
tion, a temporary drop in lymphocytes has been reported 
after a single dose of 250 mrem. After repeated doses of 
a few roentgens, changes in the morphology of lymph- 
ocytes (bilobed) have been reported to be more readily 
detected than a mere reduction in number. It has been 
established that the blood-forming organs of children are 
more sensitive than those of adults. 


23. Chronic or repeated exposures at low dose levels 
will impair production of white cells and red cells, but 
this impairment may not become apparent or detectable 
for some years. For these reasons, blood examinations 
are not as sensitive or as reliable a diagnostic procedure 
as was previously thought. Radiologists and others who, 
in the past, have been exposed almost daily for many 
years to relatively low levels of radiation oan shown 
reduced numbers of white cells (leucopenia) and of 
red cells (anaemia). Among the delayed effects of 
radiation exposure of the blood-forming organs, leu- 
kemia is the most serious condition. An increased inci- 
dence of the disease has been reported among the fol- 
lowing five groups of people exposed to radiations: (1) 
radiologists ; (2) atomic bomb survivors of Hiroshima 
and Nagasaki; (3) patients with severe arthritis of the 
spine who were treated with X-rays for this condition ; 
(4) children who had been treated with X-rays in 
infancy to reduce the size of the thymus gland; and 
(5) a group of children who were exposed when still 
im utero during diagnostic X-ray examinations of the 
mother. In two of these five groups, it has been possible 
to make estimates of the degree of exposure and to relate 
them to the incidence of leukemia. These data are dis- 
cussed in detail in appendix G. Finally, it must be men- 
tioned that leukemia can also be induced in certain 
species of experimental animals by exposure to radia- 
tions. Laboratory mice, which are especially susceptible 
to one particular type of leukemia, have been intensively 
studied. 


Skin 

24. Of all the organs in the human body, the skin is 
the most frequently exposed, and it probably has been 
the most frequently damaged, as all external radiations 
must pass through it before reaching other structures. 
Since the discovery of X-rays, therefore, skin changes 
have been very prominent and they have been very 
carefully analysed. In fact, for a long time, skin reac- 
tions (erythema) served as a quantitative measure of 
radiation dose in man. 


25. Until relatively recently, reactions in the skin have 
been a severe limiting factor in radiation therapy of 
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deep-seated cancers, and most of our knowledge con- 
cerning the effects on the skin has been obtained from 
observations of the results of therapeutic irradiation 
with X-rays. Diagnostic procedures rarely lead to ob- 
servable changes and then only in the case of prolonged 
or repeated exposures. Contamination of the skin with 
radicactive material can also produce severe lesions in 
the skin if the radiation dose is sufficiently great, as has 
been observed among Japanese fishermen and inhabi- 
tants of the Marshall Islands exposed to immediate and 
local fall-out in 1954. 


26. Depending on the size of the field irradiated and 
on the dose absorbed, changes can be observed i 
from transient erythema, changes in pigmentation, oa 
temporary loss of hair to severe necrosis and ulceration. 
Among the early radiologists, chronic radiation derma- 
titis of the hands and face was a common condition, and 
cancer often occurred in the damaged skin. This was 
the form of radiation-induced tumour first to be de- 
scribed in man. 


Gastro-intestinal tract 


27. The gastro-intestinal tract is relatively easily af- 
fécted by radiations, and radiologists have learned to 
exercise particular care when administering radiation 
to the abdomen. Changes can range from interference 
with physiological functions such as intestinal mobility 
and secretion of digestive juices to denudation and ulcer- 
ation of the mucosal lining. Relatively large doses of 
radiation can cause transient and even permanent de- 
pression or cessation of acid and pepsin secretion in the 
stomach, for instance. Ulcerations produced by radiation 
may lead to local infection and bacteriaemia. These are 
often produced by bacteria that normally live in the intact 
intestinal tract without causing harm. Injury by irradi- 
ation can thus adversely affect the delicate balance that 
exists in nature between host and parasite. Denudation 
may also result in intractable loss of body fluid through 
the impaired intestinal mucosa. The dose levels required 
to produce these serious effects have a high threshold. 
This type of injury to the small and large intestines plays 
an important and often crucial role in the outcome of 
the acute radiation syndrome which will be described 


later. 

28. The sage of ingested radioactive materials 
through the intestinal tract might produce similar injury, 
especially when such ceatestal is insoluble and when it 
remains for prolonged periods in certain portions of the 
intestinal tract where for physiological reasons it moves 
slowly and in concentrated form, as it would do in the 
colon. No such injury has been described in human 
beings, but experiments with animals have shown that 
such lesions can be produced by feeding very large 
amounts of insoluble radioactive materials. 


Nervous system 


29. In the past, when morphological criteria were 
used almost exclusively for the classification of organs 
according to their radiosensitivity, the central and pe- 
ripheral nervous system were regarded as belonging to 
the more resistant organs. While it is still generally true 
that considerable doses are required to produce morpho- 
logical alterations in nervous tissue, it has become ap- 
parent in recent years that functional changes can be 
elicited with much smaller and often very low doses and 
that such changes may be of great significance. 

30. Among these changes one may mention: decrease 
in excitability, the induction of an imbalance between 








RPSRBSORET 


SESL7S8 eae TRS PRE. 


mat 


SQERARSOSTRSCES FERSESASRESRTESTE.. 








BERsae8 8 8 


s 


PRES 


FEB 


828 ast 


4 
a 


s#e 


Gf Besa 


FALLOUT FROM NUCLEAR WEAPONS TESTS 


the processes of excitation and inhibition, and changes 
in conditioned reflexes. Modifications of the electro- 
encephalogram have been described at very low doses. 
Changes of a transitory character are seen in cases of 
whole-body exposure to doses of several tens of roent- 

s. Irradiation of animals with 300 to 400 r produces 
changes in the electro-encephalogram of about one week’s 
duration. In cases of exposure to 800-900 r, changes start 
immediately after irradiation and persist up to the time 
of death. 


Bone 


31. Many lesions of bone have been described in 
human beings and experimental animals following ex- 
ure to radiations from external and internal sources. 
amage has ranged from temporary inhibitions of bone 
h in children and young animals with relatively 
small doses (of the order of 100 r) to bone necrosis and 
fractures following exposure in radiotherapy to doses 
greater than 1000 r. It is important to emphasize that 
the growing bones of children and young animals are 
much more vulnerable than those of mature and older 
individuals. Skeletal development in childhood can be 
arrested temporarily by moderate doses. The majority 
of the bone abnormalities reported has resulted either 
from large doses used in radiotherapy or from deposits 
of radioactive materials such as radium and mesothorium 
in bone. With both types of exposure, malignant tumours 
have been observed to develop either in bone itself or in 
structures adjacent to bone. Bone-seeking radioactive 
materials such as radio-strontium are at present incor- 
porated at greater concentrations in the growing bones 
of children than in the bones of adults. Such deposition 
is likely to occur in the areas of most active bone growth 
(epiphyses). Studies of bones following single or mul- 
tle doses of radio-strontium in experimental animals 
have shown that severe lesions and tumours are most 
likely to arise in these particular areas. 


Gonads 


32. The ovaries and testes are more sensitive than 
many other organs to damage by radiation. Temporary 
changes in fertility can be predased, in either sex, by 
single exposures (30 r in the male and 300 r in the 
female) or through the cumulative effects of repeated 
exposures of a few roentgens. Eggs and sperm during 
development are more susceptible to damage than when 
mature. The minimal sterilizing dose is less for men 
than for women. Functional changes in the gonads as a 
result of exposure to small doses can be observed more 
readily in women by irregularities or temporary sup- 
pression of ovulation and menstruation. Temporary 
sterility as evidenced by suppression of menstruation 
ay inet from a month to a year or so, depending on 

lose. 


33. In the mouse, chronic irradiation with multiple 
doses is more effective in producing abnormalities such 
as changes in the oestrus cycle than is a single exposure. 
Under chronic irradiation with gamma rays and fast 
neutrons, fertility of male mice is affected earlier than 
female fertility ; these changes preceded other deviations 
from normal. Neutrons are more effective in producing 
changes in the gonads than X or gamma rays. Various 
types, of benign and ee tumours have been ob- 
served in the ovaries of mice following single and 
tepeated exposures to external irradiation. Such tumours 
are the result not only of the local action of the radia- 
tions on the ovaries but also of hormonal disturbances 
created in the animal as a whole. 
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Vascular system 


34. Functional and morphological abnormalities in 
blood and lymphatic vessels have been observed in many 
irradiated organs, ranging from transient changes in 
permeability to necrosis and rupture with haemorrhage 
into the extra-vascular spaces. Changes in the vascular 
and lymphatic system play an important part in the 
pathogenesis of many acute and delayed types of radia- 
tion damage, as for example in the skin. Erythema of 
the skin is primarily due to changes in blood vessels, 
and chronic skin lesions are usually accompanied by 
prominent vascular abnormalities such as dilated or 
completely obliterated blood and lymphatic channels. 
Lesions in blood vessels are likely to produce impair- 
ment of arterial and venous blood flow through the 
affected parts of an organ. Thus they can cause second- 
ary metabolic changes due to diminished blood supply. 


Eyes 

35. Acute conjunctivitis and keratitis have been ob- 
served following exposure with relatively large doses of 
a few hundred r. The sensitivity of the retina can be 
used as a detecting procedure of the effect of radiation 
upon the human body. However, apart from the retina, 
perhaps the lens has proved to be the most sensitive part 
of the eye. Lens opacities (cataracts) have been reported 
to occur following whole-body and partial body irradi- 
ation in man and in experimental animals. Cataracts are 
a characteristically late effect of radiation. In man, the 
minimal single dose required for. cataract production is 
estimated to be near 200 rad of X and gamma rays. By 
a single exposure to radiations from atomic bomb explo- 
sions, cataract cases have been reported to be one of the 
late effects. Neutrons are more effective in induci 
cataracts, and several such instances have been observ 
among physicists in recent years. Cataracts have also 
been observed in experimental animals (dogs) several 
years after the administration of radio-strontium. 


Lungs 
36. When heavily irradiated, the lungs show slowly 
developing, progressive changes which have been known 
as radiation pneumonitis. The rich vascular = sas 
the lungs is susceptible to radiation injury, le! 
changes have Seok nervel in blood vem. Fibrosis 
and cancer of the lung have been described in miners of 
radioactive ores, but many other factors have undoubt- 
edly played an important part in the production of these 
diseases. However, radiation from radon and its decay 
products deposited in the lungs of miners undoubtedly 
augmented the effects of other noxious agents. Radiation 
itis and cancer of the lung have been produced 
in experimental animals by i tion of radioactive 
materials such as plutonium and cerium. 


Endocrine organs 

37. Functional disturbances of organs with internal 
secretion have not received as much attention as those 
of other organs. However, the role of the adrenal cortex 
in the “‘alarm-reaction” and in the “stress-syndrome” 
has been investigated with regard to injury by radiation, 
and it has been established that radiation can produce 
certain non-specific effects which are mediated through 
the adrenal g (lymphopenia, for instance) and that 
they are identical with those produced by other “stress” 
agents. This emphasizes the non-specific character of 
some effects of radiation. Effects of this can be 
obtained with a few hundred roentgens of X-rays, and 
con- 


it is possible that other endocrine processes also 
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cerned with regulatory functions in the body can like- 
wise be affected by such doses, These are matters which 
require much further investigation. 


38. Of all the glands with internal secretion, the 
thyroid gland is the one that has been studied most thor- 
oughly in man, especially in connexion with radioactive 
iodine, which is selectively concentrated in this organ. 
The effects of radiation from radioactive iodine upon 
the thyroid gland in hyperthyroidism have been of great 
benefit in the treatment of this disease. Corollary studies 
have also thrown much light on the early functional 
effects that radiation may have on this organ and on the 
morphological alterations that follow later, including the 
complete destruction of the gland. Endocrinological 
studies have demonstrated that it is relatively easy to 
disturb certain sensitive hormonal equilibria existing 
in the body. 


Embryonic development 


39. Radiation has long been known to be harmful to 
embryos. Malformations have been observed in children 
who had been exposed to X-rays or other ionizing radia- 
tions while they were developing in the uterus. Our 
knowledge of these effects is based on what happens after 
accidental exposure of human embryos coupled with 
extensive experiments with laboratory mammals. In rats 
and mice, 200 r of conventional X-rays (250 kv) given 
to the pregnant mother will selectively destroy specific 
primitive cells in the embryo at certain stages ; this will 
interfere with subsequent developmental processes. The 
kind of malformation which results depends upon the 
phase of embryological development going on at the 
time of irradiation. In the laboratory it is possible to 
produce virtually at will a whole series of malformations 
of the nervous system, skeleton, eye and other organs by 
properly timing the radiation. In general, a critical period 
exists for the induction of any particular malformation. 


40. The dose of radiation is also an important de- 
terminant because some developmental processes are 
more sensitive than others to disturbances produced by 
radiation. After low doses (25 to 50 r) only certain ab- 
normalities may occur at given stages, whereas 400 r is 
so damaging that the embryo usually becames extremel 
malformed or it may even be killed at once. In quan 
the malformative processes that result from radiation of 
developing mammals can be explained by embryologic 
principles worked out for other vertebrates. 


41. Although human data on the results of exposure 
of embryo and foetus are meagre and fragmentary, there 
are sufficient experimental quantitative data to provide 
a guide for avoiding clinical hazards. The lowest dose of 
conventional X-rays (250 kv) that will produce visible 
destruction of culepanal cells in stich animals is 30 r 
and doses of 25 r are capable of causing deviations of 
skeletal development in mice with certain predisposing 
genetic backgrounds. In laboratory mammals some of 
the grossest malformations follow radiation given in 
the earlier somite stages, or period of early organo- 
genesis but some tissues continue to be highly susceptible 
to radiation injury throughout intra-uterine life and 
into the newborn period. For example, the retina of the 
eye and the brain are particularly vulnerable to mal- 
formation. If one makes inferences about man from the 
results of experimental work on animals in an attempt 
to assess the risk to the foetus, it can be stated that parts 
of the human brain are probably susceptible to consider- 
able injury until the last months of gestation and that loss 
of single developing neurons is possible well into early 
infant life. Among the children who were exposed in 
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utero to radiations from atomic bombs, some cases of mi- 
crocephaly with mental retardation have been observed, 


42. It has been demonstrated in experimental animals 
that soluble radioactive materials when ingested by the 
mother can be transferred through the placenta to the 
embryo and growing foetus. Radio-strontium and other 
substances which may pass through the placental barrier 
can become fixed in the skeleton or in other organs and 
produce damage. In the very early stages of embryo- 
genesis, radiation exposure of this type can involve all 
cells of the growing embryo and resemble whole- 
exposure, whereas in later stages of development it 
resemble partial body exposure through fixation of ma- 
terial in specific organs. 


Whole body irradiation: single dose 
Acute radiation syndrome 


43. Clinical studies on people injured by exposure to 
nuclear radiations from explosions of nuclear weapons 
and from similar exposures in laboratory accidents have 
added much to our knowledge of the acute and subacute 
effects of whole-body radiation in human beings in and 
below the lethal range. The median lethal dose for man 
is considered to be approximately 300-500 rem. This 
dose will produce an acute illness, fatal within thirty to 
sixty days to 50 per cent of the people thus ex A 
few additional people will die after this period. The 
following is a synopsis of the most important clinical 
symptoms and of the course of the illness following such 
an exposure. 


44. The earliest symptoms are nausea and vomiting 
and sometimes diarrhoea; these may appear within an 
hour after exposure and can last as long as two days. 
They are accompanied by a feeling of great prostration 
and fatigue, by hyper-excitability of reflexes and other 
symptoms attributable to disturbances of the somatic 
and autonomic nervous system. This first phase, after 
an exposure to about 400 rem, is followed by a period 
of subjective well-being, although tissue-damage pro- 
gresses. Characteristic changes in the white blood cells 
begin very early; usually they are already present on 
the first day. An early and rapid fall occurs in the 
lymphocytes. The granulocytes, after a transient initial 
increase, also rapidly fall below normal levels. In the 
fatally injured, all types of white blood cells continue to 
decrease to extremely low levels. A similar, though less 
severe and somewhat delayed, fall will be seen in the red 
blood cells, causing progressive anaemia. There is a 
tendency to bleeding. This is due to a reduction in the 
number of platelets, as well as to an increased perme- 
ability of blood vessels. Anaemia and leucopenia may 
be severe at death. 


45. At the height of the illness, usually during the 
second and third week, the fully developed radiation 
syndrome is characterized by a sustained high fever and 
extreme exhaustion ; there is loss of weight, reddening 
of the skin (erythema) and loss of hair and there are 
haemorr in the skin, and ulceration of the mouth, 
throat and intestines. Loss of protective function of the 
mucosa of the mouth and intestinal tract combined with 
severe impairment of white blood cell production and 
of other immunological functions make irradiated in- 
dividuals susceptible to infections from bacteria normally 
residing in the individual and usually harmless. Infec- 
tions of this kind have frequently been the cause of death. 

46. It is apparent that initial injury leads to com 
chains of events involving practically all organs of the 
body and may seriously interfere with the balanced in- 
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terplay between them (homeostasis). Apart from cellular 
damage, general reactions of the vascular and nervous 

s, marked alterations in fluid and electrolyte bal- 
ance and other metabolic play an important and 
often decisive role in the enesis of this illness. 


47. Survivors of injury of this itude recover 
slowly and require a prolonged period of convalescence. 
Disturbances in the blood- —— organs and in the 
gonads are the last to disappear and some of the changes 
in the bone marrow and in the circulating white cells 
may persist for many months. The patterns of recovery 
from massive radiation injury of this kind clearly dem- 
onstrate that. radiation, in addition to producing damage, 
temporarily inhibits the mechanisms of repair. Interfer- 
ence with reaction to injury is an important factor and 
its significance may be equal to that of the primary 
sensitivity of cells. 


48. When the dose of a single whole-body exposure 
is reduced, illness of the type described : bove 1s cor- 
dingly less severe and fewer symptoms are ob- 
served. It has been suggested that, with a dose of 100 
rem, not more than 15 per cent of those exposed would 
be affected and that illness would be of short duration 
and comparatively mild. At low dose levels (between 25 
and 50 rem) significant findings may be restricted almost 
entirely to the blood; these will difficult to detect 
without special methods. 


Possible delayed effects 


49, It is a peculiar and striking characteristic of radi- 
ation injury that although apparent recovery occurs 
among surviviors after exposure to a large single dose 
of about 400 rem, certain delayed effects may be observed 
in the years following exposure and recovery. Late 
changes have now been observed in survivors of a la 
dose of radiation to the whole body and they inc 
the following: loss of hair, changes in texture and pig- 
mentation of Rair, cataracts, impaired spermiogenesis, 
anaemia and leucopenia and leukemia. It has been said 
that there is also, in man, a non-specific increase in the 
mortality rate (shortening of the normal life-span 
through diseases other than leukemia) but there is as 
yet no definite evidence for this from studies of atomic 
bomb survivors in Japan or of comparable groups. 


50. ne irradiation may, b ce gee 
ducing non-specific tissue changes, ahenily i 
all those disorders which commonly affect human beings 
and which ordinarily increase with age. 


Shortening of the life span 

51. All the major delayed effects discussed above will 
tend to diminish the average life-span. In addition, radi- 
ation may have the effect of accelerating the sequence 
of changes which constitute the “normal” process of 
ageing. Experiments on animals have demonstrated that 
whole-body exposure to doses that cause no early deaths 
and relatively few acute symptoms can, nevertheless, 
shorten the average life-span, and ft is possible that the 
same may be true for man, although specific human evi- 
dence of this point is difficult to obtain. Observations 
in the United States on radiologists and others using 
X-rays, a the past twenty years or so, have thus 
far established an increased incidence of leukemia in 
this proteien, and have further that there 
may be an increased total rate from other “non-specific” 
causes. Preliminary results of a survey of radiologists 
in the United Kingdom, however, show no evidence of 
shortening of life-span in this group as compared with 
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other medical groups and control populations. The data 
from man and from laboratory experimentation nym | 
to shortening and lengthening of the life-span are dealt 
with in annex G. 


Cancer 

52. Within a decade following the discovery of X-rays 
it became apparent that exposure to radiation carried 
with it the risk of malignant disease. The first evidence 
was that of cancer of the skin developing in severe 
radiation lesions of persons exposed occupationally or 
in the course of treatment. It has since been found that 
radiations of various types, external and internal, have 
induced or help to induce tumours in the blood-forming 
organs (leukemia), the skin and subcutaneous tissue, 
the skeleton (sarcoma of bone in radium poisoning), the 
lung (cancer of the lung in miners of radioactive ores), 
the thyroid and liver, for instance. Parallel experiments 
with animals have emphasized the general ibility 
of most tissues of the higher species to cancer induced 
by radiation. 

53. In commor- with ultra violet rays and with a great 
variety of chemical agents known to produce cancer, 
exposure to ionizing radiation is followed by a long in- 
duction iod before the appearances of malignant 
growths. In man, the induction period for cancer is often 
of ten to twenty years duration and it may be even 
longer. For leukemia the induction period appears to 
be shorter, and the disease more deve 
between five and ten years after a single irradiation. It 
is impossible to estimate the induction time of tumours 
which occur _ * in man since their causes 
are unknown ; the common increase in cancer inci- 
dence during later life may indicate that long induction 
periods are characteristic for human tumours. 

54. This induction period is characterized b eral 
tissue changes as outlined earlier, such as een 
of cells followed by compensatory proliferation of new 
cells and deterioration in the nourishment of tissue due 
to defects in its blood supply. In the course of these 
changes, a general occurs in the architec- 
ture of the affected tissue. the ‘majority of 
radiation-induced tumours have originated in tissues so 
altered, the reasons for the increased frequency of can- 
cer in such situations are unknown. Clinical experience 
suggests that malignant tumours are an infrequent and 
not an invariable or inevitable result of severe radiation 
exposure. 

55. In certain cases, it has been shown that tumour 
induction occurs through the mediation of specific physi- 
ological or endocrine responses of the whole o 
rather than by specific radiation action on the Such 

isms are responsible for the induction by irradia- 
tion of tumours of the ovary and pituitary in mice. As 
another example, it has been shown that unirradiated 
thymic cells introduced into an irradiated host may 
become the origin of malignant tumours. Such indirect 
er mechanisms have not been demonstrated 
in man, but it is possible that they exist. 

56. Clinical and experjmental evidence show that 
where the total body is irradiated, leukemia is the most 


finding 
among the of radiologists studied. Although the 
relatively soft Scays to which these man ware possum 
ably exposed produce more ionization in some 
calcium-rich areas than in the soft tissues, no increase 
in bone tumour incidence has been noted. 
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57. When the skeleton is selectively irradiated by 
radioelements such as radium, an increase in bone 
tumours is a prominent result. This is borne out by 
clinical studies of many persons who, twenty-five to 
thirty-five years ago, accidentally ingested radium in the 
process of painting watch dials or received it orally or 
by injection during inappropriate medical treatment. 
Cases are recorded in which tumours have arisen in 
patients who, after twenty or more years, retained be- 
tween one-half and one microcurie of radium in the 
whole skeleton, implying an original intake of about 
one hundred times that amount; this delivered a total 
average dose to bones of about 2000 rads. Since most of 
this radiation was delivered by alpha particles, the ayer- 
age dose in rems would be considerably higher. However, 
some patient$ with a total radium burden of more than 
10 microcuries after more than twenty years have not 
developed tumours although such individuals invariably 
show a sequence of destructive and proliferative changes 
in bone similar to those observed at the sites of origin 
of malignant tumours induced by radiation. 


58. From experiments with animals it is clear that 
other radioelements which are deposited in the skeleton, 
e.g. plutonium, strontium-89 and -90 and various rare 
earth elements can likewise produce bone tumours and 
other tissue changes which have been observed in radium 
poisoning in man. While no such cases are recorded in 
human beings, this may be attributed to the fact that 
there have been no comparable human exposures to these 
radioelements. Experimental data suggest that bone 
tumour incidence can adequately be approximated on 
the basis of the dose in rems to the osteocytes. Experi- 
ments with mice suggest that ten microcuries of stron- 
tium-90 in the skeleton are equivalent in carcinogenic 
effect to not more than one microcurie of radium. In the 
one series of animal experiments which was designed 
to determine the dose-effect relationship for radio- 
strontium and bone tumour, the relationship appeared 
to be sigmoid ; however, there is as yet no critical dis- 
crimination between interpretations in terms of a sig- 
moid, a linear, or a strictly threshold relationship. 


59. Since tumours induced by radiations in man and 
various animals have arisen almost exclusively in dam- 
aged tissue, and since experiments have shown that 
there are levels of radiation below which no increase in 
the normal “‘biological background” of tumour incidence 
can be detected, it has been believed that there is a mini- 
mum (threshold) dose of radiation causing the induction 
of tumours. Such thresholds vary from organ to organ 
and with the age of the organism. Owing to limitations 
in experimental methods, including the lapse of time 
before tumours appear after application of cancer- 
inducing agents and owing to the “biological background” 
of spontaneous tumours, and the physical background 
radiation, the possibility remains that there may not be 
a true threshold. The situation would then be analogous 
to that obtaining in the case of genetic changes. 


60. In accordance with the latter concept, it has been 
suggested that the tumour may have its origin through 
a mutational change in a single somatic cell: or alter- 
natively, that the somatic mutation may be one of the 
events leading to tumour development. In its simplest 
form, the somatic mutation theory would postulate that 
each increment of radiation above the natural back- 
ground would carry with it a proportional probability 
of tumour development (linear response). An upper 
estimate of the effect of radiation in causing tumours 
of bone can be obtained by the following consideration. 
If it were assumed that 10 per cent of all primary bone 
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tumours were attributable to a natural radiation level of 
9 rem per 70-year human life-time, and if it were as- 
sumed further that the natural frequency of these 
tumours is between 5 and 10 cases per million indj- 
viduals per year, and that the increment from added 
radiation is a linear function of the response and that 
there is no threshold, then the increment from an addi- 
tion of one rem per 70 years would be one-ninetieth of 
the natural incidence. Thus, in 70 years to an assumed 
350 to 700 cases per million of population, an addi- 
tional 4-8 cases would be added. This may be taken as 
the worst case; if a threshold exists for the induction of 
bone tumours which is higher than the assumed total 
radiation, then the increment would be zero. More com- 
plex mechanisms of cancer formation would be expected 
to lead to intermediate values. 


61. In attempting similar predictions in the case of 
leukemia, it also seems reasonable to assume that not all 
leukemia is due to natural radiation, since there are 
other known causes in the environment and since human 
observations at high irradiation doses indicate a lower 
slope to the dose-incidence curve. Assuming that the 
increased incidence per rem would be 1.5 per 1 million 
per year for the.rest of the lives of the exposed indi- 
viduals, and considering the two limiting mechanisms 
as discussed in the preceding paragraph, we can derive 
the number of cases added to the natural incidence by 1 
rem per 70 years (for a population of mean age 35) as 
1.5 x-35, or 52 induced cases per million persons per 
70 years (that is about 150,000 cases per 70 years ina 
world population of 3 thousand million), in the u 
limiting case, and zero in the lower limiting case. 
upper value would represent an increment to the natural 
leukemia incidence which is estimated at 1,400 to 3,500 
per million per 70 years (or within the limits of four 
and ten million in the total population of the world). 
These are theoretical computations, and it is difficult 
to estimate the relative importance of radiation and 
other environmental factors in tumour induction in man. 


IV. SUMMARY AND CONCLUSIONS 


62. A large body of knowledge has accumulated dur- 
ing the last sixty years on the somatic effects of ionizing 
radiations on man and animals. This knowledge has come 
from numerous observations on human beings and from 
extensive experimentation with laboratory animals. In 
both cases, the effects of external and internal radiation 
have been studied and, although many of these ‘effects 
are far from being understood in all details, our knowl- 
edge is sufficient to provide a general — of the 
events that occur after human beings and animals have 
been exposed to ionizing radiations of all kinds. In gen- 
eral, the effects following exposure to relatively large 
doses are well known, whereas the effects of doses 
are not understood nearly as well. 


63. All types of ionizing radiations produce similar 
biological effects; these are usually not distinguishable 
from other pathological conditions. Some radiations, 
such as neutrons and alpha rays, are more efficient in 
producing certain types of somatic effects. Physical fac- 
tors of exposure such as dose, dose rates and dose 
distribution are as important in determining the nature 
and extent of the biological effects as are the age and 
sex of the individual exposed and the part of the body 
that has suffered exposure. Radioactive isotopes produce 
harmful effects in those organs in which they are selec- 
tively retained. The extent of these effects depends on 
the physical characteristics of the isot , such as the 
half-life, and the type and energy of the radiations 
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emitted, as well as on the time of retention in a particular 
organ and the sensitivity of that particular organ to 
radiation injury. Absorption of measurable quantities 
of radioactive materials in human beings and animals has 
been demonstrated in recent years. Strontium-90, having 
a half-life of 28 years and being deposited selectively in 
bone, may be cited as an example to which particular 
attention must be given. 


64. Exposure to relatively large doses of external or 
internal irradiation produces a variety of characteristic 
and well-known somatic effects which may occur either 
immediately or with a delay of a few days to several 
years. Certain organs, such as the blood-forming organs, 
the skin and the gonads, are particularly vulnerable to 
injury by ionizing radiations. Many of the acute effects, 
such as erythema of the skin and radiation sickness 
following whole-body exposure, have characteristic 
threshold doses. Similar thresholds exist for acute blood 
and bone disorders following ingestion of large amounts 
of radium and other radioactive materials. 


65. The tissues of the embryo and foetus are among 
the most sensitive to radiation. Malformations and other 
pathological conditions have been observed following 
exposure of pregnant women to accidental and thera- 
peutic irradiation and to diagnostic procedures, e.g. pel- 
vimetry. Experimental work has demonstrated that 
radioactive materials, such as strontium and other solu- 
ble radionuclides circulating in the blood of the mother, 
can be absorbed and deposited in foetal organs such as 
the skeleton, where they may produce lesions. 


66. As the dose of radiation is reduced below the 
amounts giving rise to acute functional or morphological 
alterations, the reactions of the ism become more 
difficult to detect immediately and the effects may be 
progressively delayed in time. Thresholds are not easily 
revealed wade these conditions of exposure ; in fact, for 
some of the most delayed phenomena, it is uncertain 
whether they exist. 


67. It is a very characteristic feature of radiation in- 
jury that delayed reactions may occur many months or 
years following exposure. The morphological and func- 
tional alterations which occur during the long periods 
of latency are poorly understood. It has been shown that 
even after such periods acute manifestations of somatic 
effects may develop. Among the late effects, leukemia, 
bone cancer and other malignant changes are worthy of 
mention. It has been demonstrated that whole-body ex- 
posure can shorten the average life span of experimental 
animals, and it is possible that the same may be true for 
man. 
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68. Small doses of radiation given repeatedly can have 
a cumulative effect in those cases in which the processes 
of recovery and compensation are limited. It is not known 
whether sensitization occurs. The existence of adaptation 
in the broad biological sense of the term has not been 
proven. 


69. In view of the present tendency of the levels of 
ionizing radiations to increase aad, as a result of 
various influences, and on account of the life span of 
man, it is felt that along with measurements of these 
levels there should be continuing research on all aspects 
of the somatic effects of radiation. To ensure a thorough 
examination of all relevant factors, the Committee points 
out the importance of : 

(a) Demographic studies of populations living in 
areas that differ in natural radiation levels with reference 
to effects perhaps attributable to these levels or to other 
environmental variables which might produce similar 
effects ; 


(6) Systematic studies, on a wide scale, of groups of 
persons who have received radiation for medical pur- 
poses ; 

(c) Continued and expanded experimental work on a 
wide range of experimental organisms regarding the late 
somatic effects of small amounts of external and internal 
radiation with particular emphasis on dose-effect rela- 
tionships ; 

(d) The development of methods to serve as sensitive 
indicators of damage produced by exposure to small 
amounts of radiation ; 


(e) Expanded clinical and experimental studies on 
the nature of cancer and leukemia in connexion with 
radiation exposure, and on the basic cellular biological 
problems which may have bearing upon this; 


(f) Increased opportunities for exchange of experi- 
ence among experts engaged in all of these fields of 
research. 


70. It can be anticipated that research in all of these 
fields will greatly benefit mankind. This will come about 
not only ae a better understanding of the effects 
of ionizing radiations, but also through increased knowl- 
edge of malignant diseases and of the ageing process. 
At the present time, due to the fact that threshold doses 
for the delayed somatic effects of radiation are not 
exactly known, it must be recognized that the exposure 
of human populations to increasing levels of a 
radiations may cause considerable and widesp 


somatic damage. 
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Chapter VI 
GENETIC EFFECTS OF RADIATION 


1. The inherited characteristics of man distinguish 
him from other species and in part determine the nature 
of each one of us. They have been accumulated over 
many generations. Experimental work on many organ- 
isms has shown that ionizing radiation can cause muta- 
tions, which are permanent, and for the most part 
deleterious, changes in the inherited characters. It there- 
fore cannot be doubted that exposure of the germ cells 
of human beings to such radiations will occasionally 
cause similar changes and so, over many generations, 
affect individual descendants in populations yet unborn 
and never themselves exposed. 


2. While some hazards are implicit in almost all tech- 
nological advances, it must be remembered that inherited 
changes are an inescapable consequence of the irradiation 
of human populations, and that they affect at random 
persons who can seldom, if ever, be individually identi- 
fied. They therefore pose ethical and legal problems 
which should be of special concern to Governments. 
This chapter is concerned both with mutation, especially 
in man, and with the consequences that can be expected 
from an increase in this process brought about by small 
general increases in the radiation exposure of human 
populations. Certain technical terms employed have al- 
ready been described (chapter II, paragraphs 35-38). 


I. MuTATION 
General 


3. Some facts about mutation have been so widely 
confirmed by experiments in other organisms that one 
can have every confidence in applying them to mutation 
in man as well: 

(a) Mutations, once completed, are irreparable. The 
.ltered or mutant genes can be changed only by further 
mutational processes. 

(b) Mutations arise at random in this sense: they 
are not brought about by that particular aspect of the 
environment toward which the mutant organism will 
subsequently show an altered response. 

(c) The great majority of observed effects of muta- 
tions are harmful. The combinations of genes naturally 
present in the individuals of a species have been selected 
during very many generations ; any random change has, 
therefore, little chance to be of immediate benefit. 


4. Mutations may be rom or | classified according to 
whether they are structural changes involving whole 
—_ of the chromosomes, or whether they are so- 
called point mutations which apparently involve only 
single genes.®* The main problem for man is the effect 
of irradiation upon the cells of the germ-line from which 
eggs and sperm are later produced. In experimental 
studies of animals, gross chromosomal changes are more 
rarely observed among offspring conceived long after 
such irradiations than are point mutations: they are also 
comparatively rare at low doses. Hence, the mutations 
which are transmitted to future generations are princi- 
pally the apparent gene mutations—point mutations and 
those minor re-arrangements and losses that behave like 


them."* The effects of these small changes range from 
trivial variation or slight detriment to disturbances hay- 
ing serious effects on reproduction or even survival, 


Natural mutations 


5. By natural mutations are meant those which result 
from conditions beyond our control in normal life, such 
as natural sources of radiation, thermal agitation and 
chemical processes within cells. Experimental studies of 
natural mutations in a wide range of organisms from the 
unicellular forms to the higher plants, insects and mam- 
mals, have indicated that mutation at any one specific 
gene locus is a very rare event.™** There is, however, 
a considerable variation in rates of mutation between 
various loci as well as between various organisms." 
The estimates of frequencies of appearance of new mu- 
tant genes for the mouse and for the fruit fly Drosophila 
mostly range between 10-* and 10 per locus per tested 
gamete but, because natural mutation is a rare event, 
they are subject to large sampling errors and perhaps to 
some bias in respect of the group for which estimates 
are available. Frequencies as low as 10°* per locus per 
cell have been observed in bacteria. In man, test matings 
cannot be employed to associate a given mutation with a 
specific locus and special methods, either direct or in- 
direct, must be used to analyze the available material. 


6. The direct method™* is restricted to the study of 
mutations to dominant genes, that is, to genes which are 
manifested in heterozygotes, and in a modified form to 
the study of mutations of genes located upon the chromo- 
somes which determine sex. It is based upon direct counts 
of the number of sporadic and inherited cases of the 
condition under investigation. For single clinical entities 
the estimated frequencies of appearance of new domi- 
nant mutant genes mostly range between 4 x 10“ and 40 
x 10“ per gamete. These values are supported by calcula- 
tions using the indirect approach. It must, however, be 
remembered that a single clinical entity may be affected 
by mutation of any one of many genes. 


.7. The mutation rates for clinical entities due to re- 
cessive genes cannot be estimated by direct counting, but 
can nonetheless be calculated by an indirect method.™ 
This is based upon the hypothesis that there is in the 
population under study a genetic equilibrium at which 
as many new forms of genes are produced by mutations 
as are eliminated by subsequent failures of reproduction. 
An attempt is then made to estimate this last number. 
However, a possible slight advantage or disadvantage 
in heterozygotes may grossly affect the figures, which 
for this and other reasons are very uncertain indeed.™ 
To improve the accuracy of the estimates more informa- 
tion is needed about such selective pressures. 


Radiation-induced mutations 


8. All the kinds of ionizing radiations which have 
been tested experimentally upon living organisnts are 
able to induce mutations which are transmissible to the 
progeny, if energy is absorbed in the cells of the germ 
line. 
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9. It is of basic importance for any discussion of the 
genetic effects of radiation to establish the relationship 
between frequency of induced mutation and dose, and 
especially whether this relationship is linear at the lower 
dose levels. The Committee emphasizes that there is at 
present no known threshold of radiation exposure below 
which genetic damage does not occur. The experimental 
foundation for a linear dose relationship is fairly well 
established at moderate doses but is increasingly meagre 
at lower dases, terminating in one experiment upon 
Drosophila sperm at 25 rad.™° Experiments already 

ned or under = in the United Kingdom and in 
the United States will together test linearity over the 
range of doses from 37.5 to 600 rad for spermatogonial 
irradiation of the mouse.™* However, the range from 5 
rad to 25 rad is of primary concern in discussing human 
hazards. If methods can be found in any organism to 
test linearity in the above range of doses, especially for 
gonial irradiation, this test should be carried out. In the 
meantime, it is prudent to assume at least as much hazard 
as is implied by a linear relation between mutation and 
gonad dose, as has been done in the present report. 


10. In organisms other than man it has been con- 
firmed that the mutational effect of a given dose is inde- 
pendent of its rate of delivery over a wide range. More- 
over, it has been shown that there is no recovery from 
mutational damage with time in the mouse for periods up 
to two years after irradiation. The range of times in- 
vestigated experimentally does not extend nearly as far 
as the breeding period of some thirty years involved in 
the chronic irradiation of human populations. Neverthe- 
less, in the absence of evidence to the contrary, the 
Committee accepts the conclusion that the mutational 
effects of small doses of radiation delivered to the cells 
of the human germ line over long periods of time are 
cumulative. Hence, any irradiation of whole populations 
must be considered as having genetic consequences. 


11. In a number of organisms there is reason to 
believe that the radiation-induced mutational event is 
not comp!eted at the moment of irradiation, but through 
subsequent physiological processes which may occupy 
some tens of minutes or even a period of hours. Aside 
from possible prevention beforehand, the 


opportunity 
to effect ir may therefore exist for a limited period 
after i ation.™*-"* The Committee considers that 


investigations directed towards the understanding and 
the possible eventual establishment of such opportunities 
should be actively pursued and supported. 


12. The balance of evidence at present available sug- 
gests that mutations induced by ionizing radiations are 
im general similar in kind and effect to those of natural 
origin.™* In the present report it has therefore been 
assumed that this is so. Nevertheless, the Committee 

izes that further research is needed before we 
can be sure that radiation-induced mutations are not 
sometimes different qualitatively from those of spon- 


taneous origin, and possibly more severe in their ef- 
fects. 7.18 


13. It will be seen below that, in order to estimate the 
hazards which arise from the irradiation of human popu- 
lations, it is convenient to speak of the dose which would 

in a generation as many additional mutations 
as already occur naturally, called the “doubling dose” ™** 
Particularly in view of the current acceptance of a linear 
relationship between dose and freq of induced 
mutation, the Committee accepts the validity and prac- 
tical usefulness of the concept of a representative dou- 
bling dose ; that is, it accepts that a mean value properly 
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averaged over a large class of human genes, in so far 
as it can be estimated, can be taken as a representative 
figure for the large classes of genes which together 
determine broad categories of damage in populations.™** 

14. Any estimate in man of induced mutation rates of 
indivi genes requires extremely difficult studies of 
very large numbers.***** In fact, completed surveys of 
the progeny of irradiated parents have failed to demon- 
state unequivocal changes, or increases in any clinical 
entities investigated.™**" This very failure provides 
some reason to suppose that the representative doubling 
dose for human genes does not lie below 10 rad.2" 
However, in these surveys, small changes are rather 
consistently observed to occur®™*** in the directions ex- 
pected to result from increased mutation rates. Taken 

inal changes do seem to 
establish the occurrence of phenomena expected to result 
from increased mutation: moreover, it seems somewhat 
unlikely that they would have been observed if the repre- 
sentative doubling dose for human genes exceeded 100 
rad. The Committee therefore accepts as reasonably 
probable that the representative ing dose for human 
genes lies in the range 10 to 100 rad, for purposes 
of calculation the geometric mean (about 30 rad) is a 
convenient figure.™"* The representative doubling dose 
shout 5 red the magnitude of the guactically signifcam 
it 5 rad, the magnitude o significant 
dose delivered in most areas by natural sources of 
radiation.™"* 

15. Any further narrowing of the limits upon the 
quantitative relations between dose and mutation in man, 
here expressed through the tative doubling dose, 
can come only from comparative surveys of the offspring 
of special irradiated and control groups. The phenome- 
non which comes closest to being established is a shift 
in the sex ratio at birth among the progeny of irradiated 
parents.®** To clarify this phenomenon and its interpre- 
tation, experiments on animals, especially mammals, are 
urgently needed in parallel with the continuation and 
extension of surveys relevant to radiation-induced 
genetic injury to man. 

16. There is another approach to expressing the over- 
all quantitative relation between radiation exposure and 
induced mutation in man. It is to ask the question: what 
total number of mutations is produced by a given expo- 
sure of a set of human genes to radiation? Because no 
direct observations of radiation-induced mutations in 
man have been made, an answer to this question can 
only be estimated by the very uncertain procedure of 
analogy with other species.®"* 


II. EstimMaTEes OF THE EFFECTS OF IRRADIATION 


17. It would be desirable to estimate the genetic ef- 
fects of exposure to radiation in terms of “social con- 
sequences”. However, such consequences are so diverse 
in their effects on the individual, on his family and on 
the community as to be impossible to express numerically. 
It is possible, however, to measure a number of compo- 
nents, the most satisfactory of which is, at present, the 
number of more or less seriously affected by 
hereditary defects. An alternative measure, more directiy 
related to the total mutation rate, can be expressed in 
terms of reductions in the capacities of individuals to 
survive and reproduce.™** 

18. Even complete know of the dose-mutation 
relations in man would not to make useful esti- 
mates of the social consequences (in the sense of the 
preceding paragraph) resulting from a given exposure 








2486 


of a population to radiation. Indeed, such estimates can- 
not be made with any given degree of completeness be- 
fore the science of human genetics is equally complete. 
In the present state of knowledge, the Committee has 
chosen to approach the problem by inquiring successively 
as to: (a) the magnitude of the social consequences now 
laid upon human populations by unfavourable genes; 
(6) the proportion of this due to continually occurring 
gene mutation; and (c) the increase in gene mutation 
rates, expressed as a fraction of the natural rates, that 
can be expected from a given addition to the natural 
radiation exposure. Under certain assumptions these 
quantities may be multiplied together to yield a measure 
of the social burden resulting from a given population 
exposure."** These assumptions are :#** 


(i) That the part of the present genetic social burden 
due to recurrent mutation is related to the present natural 
rate of occurrence of mutations, through a balance be- 
tween production and elimination of unfavourable mu- 
tant genes. In fact, the current rate of elimination of 
such genes must, through their present number and 
distribution, be related in a complex manner to the hist- 
ory of mutation and elimination in the population. 


(ii) That the future environment will be sufficiently 
similar to the present one for the manifestation of the 
mutation to be generally the same then as now ; in par- 
ticular, that the relationship between the social conse- 
quences and the elimination of the mutant gene will not 
be significantly affected. 


(iii) That the gene mutations brought about by 


irradiation are qualitatively the same as those of natural 
origin. 


The Committee considers that assumptions (i) and (ii) 
are reasonable and accepts (iii) as an approximation. 


III. THE SOCIAL BURDEN CONFERRED UPON POPULATIONS 
BY THE PRESENCE OF UNFAVOURABLE GENES, AND 
THE EFFECTS OF INCREASED EXPOSURE TO RADIATION 


19. One of the tasks of human genetics is to extend 
our knowledge of the part played by genetic factors in 
health and disease. This task is largely achieved by highly 
specialized examinations of affected individuals and 
their families and by studies of the children of closely 
related parents, of twins, and of whole populations. 
All research in this wide field is highly relevant to the 
problems discussed in the present report. 


Genetic morbidity due to specific traits®**-** 


20. It is estimated that about 4 per cent of liveborn 
infants suffer or will suffer from detectable genetic traits 
of importance. However, it is only under certain condi- 
tions that the relationship between changes in mutation 
rate and changes in trait frequencies can be predicted. 
Specifically, it must be known that the trait frequency 
is largely determined by a balance between mutation and 
selection against the trait concerned: in general, this 
condition can be satisfied only for traits determined by 
simple genetic mechanisms, and usually by single mu- 
tant genes. In the liveborn, the total frequency of traits 
thought to satisfy both these criteria is probably not 
more than | per cent of all live births, including some 
traits whose effects are small." Most of the mutant 
genes concerned are dominant, although some are re- 
cessive. 

21. In addition to these traits, there is a considerable 
number, affecting about 1 per cent of all live births,2*° 
genetically determined by mechanisms which are by no 
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means clear. In some, the environment of the embryo 
in the uterus appears to be of importance in determini 
whether they are expressed and there is some evidence 
to suggest that many genes modifying the process ina 
complex manner are involved. The cleft palate syndromes 
constitute a good example of this class. Such traits are 
concentrated in families, but seldom to any extent ex- 
plicable by genetic theory based upon any simple 
mechanism. 

22. The remaining 2 per cent fall into two groups of 
unequal size." Those of the smaller group do appear in 
families in the proportions to be expected from a simple 
theory of recessive gene transmission, but the over-all 
frequency of appearance, taken in association with ex- 
treme negative selection due to the severity of the traits, 
is too high to be explained entirely by a balance between 
mutation and selection—that is, unless mutation rates are 
postulated which are many times greater than those 
estimated either for dominant mutations in man or for 
genes studied experimentally in animals. An excellent 
example is fibrocystic disease of the pancreas. It may be 
noted here that many estimates of mutation rates to re- 
cessive genes would be very high if they were to be 
calculated on the assumption of a balance between muta- 
tion and selection against the traits concerned. Those of 
the larger group are illnesses, individually common and 
severe, which have been attributed by some to simple 
mutants modified in some way in their expression, but 
for which the extent and manner of genetic influence is 
uncertain and hard to determine. The best examples of 
this class are diabetes mellitus and schizophrenia. If the 
observed high frequencies of such traits are assumed 
to be due to a balance of mutation with selection, it is 
necessary to postulate mutation rates which seem quite 
unreasonably high ; this is true especially if some degree 
of expression of the trait is common in heterozygotes. 


23. Only in respect of the strictly limited category of 
traits first mentioned above (those determined by single 
genes), is it possible to predict with any assurance the 
effect of a given increment in the mutation rate." For 
all the other traits mentioned, any increment in mutation 
would eventually be reflected in some equal or lesser 
increment of trait frequency.™** Thus, a anes 
traits affecting some 1 per cent of all live births would be 
expected eventually to increase in direct proportion with 
any change in mutation rate maintained over sufficiently 
long periods. The remaining classes of traits discussed 
above, affecting some 3 per cent of all live births, would 
also be expected to increase but this increase would be 
less than proportional to the change in mutation rate, 
although the precise extent of it cannot at present be 
estimated. A permanent doubling of the mutation rate 
might therefore result eventually im an increase in the 
present 4 per cent of live births affected by something 
more than 1 per cent and less than 4 per cent; that 1s, 
the proportion affected would rise to between 5 per cent 
and 8 per cent. 

24. The total number of individuals who will ulti- 
mately be affected by a given small increase of the muta- 
tion rate during just one generation is also calculable: 
it is equal to the extra number who would be affected in 
every generation under conditions of equilibrium witha 
mutation rate permanently increased to the same extent. 
However, the affected individuals making up this total 
number would be distributed in an unknown manner 
over many generations subsequent to that in which the 
temporary increase of mutation rate occurred. 


25. These considerations do not take into account the 
effects of mutation on the so-called “biometrical” char- 
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acters considered in paragraph 27 and the succeeding 
paragraphs ; moreover, they disregard the existence ofa 
larger class of mutations to genes with relatively small 
effects known to occur in experimentally irradiated or- 
ganisms. Such mutant genes, having individually less 
adverse effects upon survival and reproduction, would 
be expected to spread to more members of a population 
than those considered here, and might indeed constitute 
the major element in the over-all social consequences 
of a prolonged increase in mutation rate. 


26. On the preceding basis, a simple calculation of 
the numbers of affected individuals can be made™* for 
a steady population of 1 million persons per generation 
and for each rad of continuous genetically significant 
exposure per generation. After reaching equilibrium 
(i.e. after many generations), the number of individual 
defects attributable to this one rad per generation would 
probably lie between 100 and 4,000 in each generation 
of a million persons, i.e. an increase in the number of 
affected persons of between 0.01 per cent and 0.40 per 
cent of the population. If the one rad dose were applied 
only once, to a single generation, a total number of indi- 
viduals with defects between 100 and 4,000 would be 
expected, but they would occur spread out in an unknown 
manner over many subsequent generations. Much of the 
genetic damage occasioned by mutation takes a consider- 
able time to appear in the form of affected individuals. 
If it is supposed that the world’s population will be 
stabilized at 5 x 10° in the interim before current muta- 
tion is so expressed, and that the world population below 
the mean age of breeding is then about 2.5 x 10°, the 
preceding figures become respectively 250,000 and 10 
million in each generation after equilibrium is reached, 
and 250,000 and 10 million total, but spread out in an 
unknown manner over a long period subsequent to the 
irradiation. These calculations would apply to each rad 
from any source of irradiation affecting the whole popu- 
lation of the earth. 


Biometrical characters#**-** 


27. Some human characteristics show a type of geneti- 
cally controlled variation somewhat different from the 
all-or-none control by specific genes so far considered in 
this report. These characters can generally be measured 
in quantitative terms, and are therefore termed biometri- 
cal. They are determined by genes just like those previ- 
ously discussed except that their effects are so small, or 
related to each other and to the environment in such a 
complex manner, that the effects of individual genes 
cannot be distinguished, and can only be studied collec- 
tively by statistical methods. Consequently, little is 
known experimentally of their mutations or other be- 
haviour. Yet they are known to exert considerable 
effects on such important characters as life-span, birth- 
weight, stature and intelligence. Both the average value 
and the extent of variations of such characters in a popu- 
lation may be influenced by its genetic constitution ; and 
changes in both must be considered in relation to repro- 
ductive fitness as well as to their social consequences. 


28. There are two questions of basic knowledge that 
are largely unanswered: (a) the extent to which the 
population average is determined by recurrent mutation 
rather than solely by a balance between selective forces, 

#209 and (b) the fraction of the genetic component of 
variability that is due to recurrent mutation.”**-** The 
possibility cannot be excluded that for some characters 
the mutation rate is the primary factor in determining the 
average and the variability of the population. On the 
other hand, since influences such as environmental 
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changes and possible over-all survival and reproductive 
advantage of heterozygotes may be decisive, the mutation 
rate may be comparatively unimportant. It must be borne 
in mind that a rather small number of genes, each main- 
tained at a high frequency by a balance between different 
selective forces, may well have as large an influence on 
the mean and variability of the population as would a 
much larger number of genes each maintained at a 
lower frequency by a balance between recurrent muta- 
tion and selection. 


Intelligence™ 


29. Intelligence is the character of greatest human 
concern. It is a biometrical character in so far as it is 
measured by the standard intelligence quotient. An in- 
creased mutation rate among the genes ordinarily deter- 
mining the genetic variability of the intelligence quotient 
would tend to increase that variability. This would 
theoretically lead to an increase in the numbers of per- 
sons with high and with low intelligence quotients, al- 
though not necessarily equally. At the same time, by 
analogy with genes whose effects are large enough to be 
individually detectable and which are commonly found 
to interfere in a destructive manner with the biological 
structures or mechanisms primarily affected by them, it 
would be expected that new mutations would, in general, 
be such as to diminish the average intelligence quotient 
Thus the most probable effect of an increased mutation 
rate would be to lower the average intelligence quotient, 
although there is not sufficient experimental basis for any 
judgement as to the amount of any such lowering. 


Life span™s 


30. Correlations between relatives and studies of twins 
strongly suggest a considerable degree of genetic control 
over the life-span in man, so that mutation would be ex- 
pected to have some effect upon it. A shortening of the 
life-span has been observed in the immediate offspring 
of male mice irradiated with fast neutrons. It is impera- 
tive that these studies be continued and extended, for 
until human data are available we must rely on results 
from experiments on animals. However, man and mouse 
are sufficiently different for quantitative extrapolation 
between the two species to be particularly uncertain. By 
analogy with the results on mice, a decrease in life-span 
in subsequent generations would be expected following 
an increase in mutation rate, but the amount of any such 
decrease is very uncertain. It should be understood that 
some of the factors that reduce life-span are the specific 
genetic diseases and abnormalities discussed earlier. 


General fertility™** 


31. With appropriate corrections for changes in popu- 
lation size, each unfavourable gene that arises by muta- 
tion in a population will be balanced by the elimination 
in a subsequent generation of a copy descended from it; 
otherwise the frequency of the mutant gene in the popu- 
lation would increase cumulatively. The means by which 
these eliminations are brought about is the reduced effec- 
tive fertility of individuals. This can be thought of as 
a reduction in the chance that individuals, starting at the 
time of fertilization of the egg, will complete normal 
reproductive cycles. Thus, in a population in genetic 
equilibrium—that is, one in which the appearance of 
unfavourable genes by mutation is exactly balanced by 
elimination—the total of reductions in fertility could be 
estimated to a first approximation if all unfavourable 
mutations could be detected and counted. 


32. Many calculations have been made concerning the 
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possibility of general reduced fertility as a consequence 
of increased mutation rate. In the light of these, the 
Committee considers that the human race appears to 
have sufficient reserve capacity for breeding to make 
the possibility of its slow extinction by reduced fertility 
of genetic origin due to doubling of the normal mutation 
rate by any mutagenic agent seem very remote.™*°* 


Pool of unfavourable recessive genes™°*1* 


33. Although not directly related to the social burden 
caused by mutation, the attempt to measure the total of 
unfavourable recessive genes per individual in the popu- 
lation is of great interest.™*°* This can be done, because 
matings occur between related individuals, such as 
cousins. There is a predictable chance that the offspring 
of such a mating will receive two identical copies of the 
same gene from a common ancestor, one copy through 
the mother and one through the father. If the gene has a 
visible effect and is recessive, it will show up in these 
homozygous progeny more often than in the population 
at large. In this way, it has been estimated that each 
individual in the general poulation carries on the average 
about one or at most three unfavourable recessive genes 
of a kind giving rise, when homozygous, to some specific 
detectable clinical entity.™*° 

34. It is also possible to estimate the over-all effect of 
unfavourable recessive genes by examining the vital 
statistics of cousin marriages. Although the available 
data are somewhat limited and inconsistent, it appears 
that the average individual may well contain a number 
of unfavourable recessive genes having a total effect 
equivalent to that of 3 to 5 genes, each of which would, 
if homozygous, cause failure to survive to maturity.™°" 
Comparison of these two estimates, the specific and the 
general, can in principle give some indication of the 
proportion of the total unfavourable effect of recessive 
genes upon reproduction and survival that is mediated 
through specific clinical entities detectable at the present 
time. Because the specific conditions studied have an 
effect less extreme than total failure to reproduce, this 


proportion may perhaps lie in the neighbourhood of 
one-third or one-tenth.” 


SUMMARY 
Conclusions 


35. It is accepted that radiation-induced muiations are, 
in general, harmful and increase in direct proportion to 
the genetically significant exposure, even at very low 
dose levels; and that a dose of between 10 and 100 
rads per generation would probably be required to 
double the natural mutation rate in human populations. 
About 4 per cent of all births are affected with hereditary 
disorders, some one-quarter of which appear to be at 
least largely determined by single gene differences. On 
this basis, an increase in the mutation rate would eventu- 
ally result in a directly proportional increase in a part 
of this 4 per cent, amounting to more than one quarter 
but less than the whole of it. In addition, there would be 
some changes in other hereditary characteristics of a less 
sharply defined nature, but the probable extent of these 
and their importance cannot be assessed at the present 
time. The Committee concludes from the foregoing 
genetic facts that exposures to ionizing radiation should 
be reduced wherever possible, and that medical and in- 
dustrial procedures tending to increase radiation levels 
to which human populations might be exposed should be 


carefully weighed as to such benefits or hazards as each 
may have. 
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Areas of uncertainty 


36. The chief uncertainties associated with an attempt 
to assess the consequences of a given increase in radia- 
tion centre around the following: 


(a) The dose required to double the mutation rate, is, 
for the present, believed to be reliable only within a ten- 
fold range. 

(b) Any assessment of the present extent of heredi- 
tary defects in me come simply in terms of affected 
people is admittedly an incomplete measure of “social 
consequences”, which can in any case vary from country 
to country with the social environment. 

(¢) The proportion of the hereditary defects which 
is maintained by recurrent mutation is not at all certain. 
In the absence of adequate and appropriate observations 
on the workings of selection pressures in man, present 
opinions have had to be based on essentially crude 
criteria. 

(d) The possible extent to which irradiation would 
affect human biometrical characters, their range and 
mode of variation, is at present largely a matter of 
speculation. 

(e) The effect of a future environment on the mag- 
nitude of the “social burden” is not known. Improve- 
ments in social, medical, and biological procedures which 
can be b ht to bear on human populations might 
lessen the effects of some of the deleterious changes. 
However, such influences could also opérate in the oppo- 
site direction. Therefore, we cannot predict how future 
changes in environment will interact with any ee 
alterations so as to influence the general and the indivi 
ual states of health in future human populations. 


Indications for research 


37. Although much is known, quantitative estimates 
of the mutational consequcnces of genetically significant 
irradiation of human populations remain subject to grave 
limitations, especially in the areas just outlined. Fhese 
limitations underlie several of the recommendations for 

netical research made by a study group of the World 

ealth Organization in a report submitted to this Com- 
mittee and now published. The Committee draws the 
attention of the General Assembly to these recommenda- 
tions, and, in particular, to the following areas of 
research ; 


(a) Studies of children whose parents have received 
substantial radiation exposure, together with investiga- 
tions of natural mutation rates in man; 

(b) Studies of the reproductive patterns both of 
diverse human populations and of carriers of detri- 
mental genes ; 

(c) Studies relevant to the genetics of biometrical 
characters in man, such as intelligence or life-span, and 
of balanced selective systems in general ; 

(d) Any other studies which shed light on induced or 
natural mutation rates in man or in cells of human 
tissues ; 

(e) Studies on the production by ionizing radiation, 
especially at low doses, of mutations and related events 
in a variety of materials but particularly in the cells of 
mammals ; 

(f) Studies of the effects of irradiation on whole 
populations ; 

(g) Studies of the mutation event itself, including 


the time and manner in which the mutational process can 
be influenced ; 
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(hk) Comparative studies of the mutations which 
occur naturally and those which are induced by different 
ionizing radiations. 


38. Certain measures would expedite the needed re- 
search on human populations: extended support of the 
existing research institutes for human genetics, to make 
possible the undertaking of long-term research pro- 
grammes, development of new research centres as com- 
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petent specialists become available, and collaboration 
with human geneticists by agencies dealing with vital 
statistics, public health, and demography with a view to 
making their data more accessible and suitable for gen- 
etic analyses. The lines of research pursued must, 
however, cover a very wide range ; experimentation on a 
variety of plants and animals is essential and is comple- 
mentary to work on man. 
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“Chapter VII 
SUMMARY AND CONCLUSIONS 


1. In estimating the possible hazards of ionizing radia- 
tion, it is clearly necessary to know both the levels of 
such radiation received by man and his environment 
from various sources, and the present and future effects 
likely to be produced thereby. It is of particular impor- 
tance to assess the effects of radioactive fall-out from 
nuclear weapons, since this source of general environ- 
mental contamination is of recent origin, has been of un- 
certain significance, and has led to concern in the minds 
of many people. All sources of radiation must, however, 
be reviewed for a complete evaluation of the situation 


2. The Committee, aware of the complexity of this 


task, knows that our present information about radiation 
levels and effects is inadequate for an accurate evaluation 
of all hazards, and that many of the estimates will neces- 
sarily be approximate or tentative. 


3. The physical characteristics of ionizing radiation, 
and the amounts of human exposures to it, are at present 
more accurately known than its biological consequences, 
especially where small doses and dose rates are con- 
cerned. In the present chapter, therefore, we review first 
the amounts of radiation received by man, both in regard 
to the exposure of individuals and of whole populations, 

and in respect to present and possible future levels. We 
then attempt to estimate the biological effects of varying 
amounts of radiation of different types, and to evaluate 
the hazard resulting from certain sources of particular 
significance. 


4. The relevant physical data refer to the world’s 
population as a whole, as well as to individuals and 
groups of people receiving relatively higher exposures 
because of their occupation or place of living. These ex- 
posures may involve the whole body uniformly, or may 
be greater for certain organs or tissues, as when radio- 
active material is selectively concentrated in them. 


5. Tissues of the embryo, of the bone and bone mar- 
row, and of the gonads are of particular importance. 
Irradiation of the embryo (and of the foetus) may lead 
to abnormalities of development or may prove fatal. Ir- 
radiation of bone marrow and of bone may give rise to 
leukemia and to bone tumours, and these tissues are sub- 
jected to higher doses than other tissues of the body by 
radioactive materials such as strontium-90 and radium 
which become concentrated in bone. Irradiation of the 
gonads is able to bring about changes in the hereditary 
material; and these may be transmitted to subsequent 
generations if the irradiation is received before or during 
the years of reproductive activity. 


As with any scientific assessment, the conclusions 
of “this report must be subject to revision in the light of 
advancing knowledge ; and the Committee hopes that the 
report itself, after submission to the General Assembly, 
will assist this advance by stimulating critical discussion 
amongst scientists. In view of the complex nature of the 
subject, individual sentences or assessments may easily 
be misunderstood unless related to the context of the 
report as a whole. 


I. LEVELS OF RADIATION 


. Table I summarizes our estimates of the ave 
osniiinti of radiation likely to be received by populations 
during specified periods, and gives the basis for a com- 
parison between the amounts received from natural and 
artificial sources. The method of calculation is described 
in chapter III, the averaging periods of 30 and 70 years 
being used as relevant respectively to transmissible 
genetic changes and to somatic injury during the lifetime 
of an individual. The estimates for medical examinations 
and occupational exposures are based upon the present 
situation in certain countries with developed facilities, 

rather than on a forecasted world average. The values 
quoted for various hypothetical future circumstances are 
not intended as predictions, but are calculations based on 
assumptions discussed in chapter III, and the values and 
ranges are subject to all the uncertainties outlined there. 


Radiation from natural sources 


8. The radiation received by man from natural 
sources varies somewhat from place to place according 
to the local radioactivity of the earth's surface ; and that 
of only occasional populated areas exceeds the average 
by a factor of 10. Studies on populations living in these 
areas are of extreme interest for the development of our 
knowledge on the effects of small doses of radiation. The 
contribution from cosmic rays differs at different alti- 
tudes and geomagnetic latitudes. That from the normal 
radioactive potassium and carbon content of the body is 
about the same in different people, but the radiation due 
to radium, thorium and their decay products varies con- 
siderably. The radioactivity of the masonry used for 
some types of dwelling may appreciably increase the 
radiation exposure of the occupants. The variations in 
levels of irradiation from natural sources are discussed 
in chapter III ; the magnitude of these variations, as well 
as of the average level, is informative in making com- 
parisons with exposures due to artificial sources. Harm- 
ful effects attributable to radiation from natural sources 
are not known with any certainty, but it seems likely that 
some genetic, and possibly some somatic, injury is ca 
in this way. 


Exposure due to medical procedures 


9. It is useful to estimate this exposure, appropriately 
averaged over whole populations, since the genetic, 
perhaps some somatic, effects of these procedures will 
depend upon this average value. In the countries with 
extensive medical facilities where its magnitude has been 
estimated, the radiation given for medical purposes 
makes the largest artificial -ontribution to the irradiation 
of the population, but 10 dat: are available for countries 
with fewer such facilities. Tae reported values of genet- 
ically significant doses are ¢ f the same orcer as the doses 
from natural sources. Among medical procedures, the 
contribution from diagnostic X-ray examinations 
exceeds that from radiotherapy and radioisotope applica- 
tions, the latter making only a small contribution ; 
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TaBLeE 1. ESTIMATED DOSE FROM DIFFERENT RADIOACTIVE SOURCES 
(Computed from world-wide averages) 


Genetically rigmifcant dose 
Maximum for any 30-year period (rem)D'4 


Per capita mean marrow dose 
Maximum for any 70-year period (rem)>™ 





Natural sources. . a aa 3 


Man-made sources (except environmen- 
tal contamination and occupational 
exposure)*. . . . . 0.5-S 


Occupational exposure? . Less than 0.06 


Environmental contamination 
(hypothetical cases)* ¢ 


Weapon tests cease at end of 1958 0.010 


Assumption a! Assumption O! 


Weapon tests continue until equilib- 
rium is reached in about a hundred 


years® ‘ i 0.12 


7 


Ranges beyond 7 
0.1-0.2 
Estsmates for countries 
deriming mosi of dietary 
celcium from milke calcium from rice* 
0.16 0.96 


Assumption af «Assumption Df Assumption a! Assumption 


1.3 2.8 7.5 


Estimated percentages of the maximum doses for continued weapon tests 


Assumption a! Assumption b' 


Weapon tests cease 
1958... : 17 9 
1968... oe ; ‘ 42 33 
1978.... . #s 64 56 
1988... gonh ; 79 67 
Weapon tests continue. ‘ 100 100 


* For countries having an extensive use of the radiation sources 
listed and reporting data to the Committee. : 
® Doses for certain technologically. highly developed countries 


only. 

*Computed from population weighted world-wide average of 
stratospheric fall-out rate and deposit. 

# Regional values may differ by a factor of about \{ to 2 from 
the estimated ulation weighted world-wide aver: values 
because of the latitudinal variation of fall-out rate and deposit. 
In some areag of the world the tropospheric fall-out may tend to 
raise the upper limit of this range, especially in the vicinity of 
tést sites. 

* The extent to which these estimates apply to populations of 
different dietary habits and to those living in areas of differing 


80 to 90 per cent of the total diagnostic dose to the gonads 
is due to relatively few types of examination of the 
abdomen and pelvis. 


10. Most of these values are preliminary estimates, 
and further investigations are needed, for which pro- 
cedures have been suggested by the International Com- 
missions on Radiological Protection and on Radiological 
Units and Measurements in a report prepared at the 
request of this Committee and submitted to it in docu- 
ment A/AC.82/G/R.117. 


ll. The significant dose to bone and bone marrow 
from medical procedures has been less closely studied 
than the genetically significant dose, although it may be 
of importance if bone tumours or leukemia are induced 
by radiation at low dose levels. Although individual mar- 
Tow exposures vary very widely, the average is unlikely 
to differ greatly from that received by the marrow from 
all natural sources. 


12. The contribution made by medical procedures to 
the radiation exposure of populations has only lately 
been estimated and has increased very rapidly in some 
countries in recent years, so that it is difficult to evaluate 
such genetic and somatic effects as are associated with an 
increasing employment of radiological procedures in 
medicine. No information is yet available for prediction 


Assumpison of Assumption bf 


13 6 
24 16 
34 26 
42 3S 
100 100 


soil conditions is discussed in paragraph 69 of chapter III. 

' Assumption a is that the injection rate is such as tu maintain a 
constant fall-out rate of strontium-90 and caesium-137, whereas 
assumption 6 is that weapon tests equivalent in release and strato- 
spheric injection of fission products to the whole sequence of 
weapon tests from the beginning of 1954 to the end of 1958 will 
be repeated at constant rate. This assumption will give 
an ay ares value for the fall-out rate and deposit —— 
mately a factor of 2 higher than that calculated by using first 
assumption. 


* The values for the 30-year doses have been corrected for tr 
spheric fall-out in accordance with paragraph 57 of chapter fil, 
using a value of 0.5 mrem/year for the period of testing. 


of the future trend of medical exposures. It is expected 
that improvements in equipment and techniques may 
considerably reduce individual exposures, but the ever- 
expanding use of X-rays may well increase the world 
population dose. Precautions of the type described by the 
International Commissions on Radiological Protection 
and on Radiological Units and Measurements should 
make possible such reduction of exposure to radiation 
as is without detriment to the medical value of these 
procedures. 


Occupational exposure 


13. At present, the exposure to ionizing radiation re- 
ceived occupationally forms only a small contribution to 
the total irradiation of the tion as a whole, amount- 
ing to about 2 per cent of that from natural sources in 
countries in which occupational exposure is probably 
largest. With an increasing use of nuclear reactors, of 
radioactive materials and probably of medical and in- 
dustrial radiological gieubents, this is clearly a figure 
which should be kept under close review. Although this 
source does not appear likely to make a substantial con- 
tribution to the total radiation exposure of populations 
in the immediate future, the occupational exposure of 
some individuals may represent a large fraction of their 
total radiation exposure. 
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14. Since 1928, the International Commission on 
Radiological Protection has recommended “maximum 
permissible doses” for those who are occupationally ex- 
posed to radiation, and has proposed appropriate meth- 
ods of measurement. Their present recommendations, 
which have recently been reviewed in the light of progress 
in radiobiological knowledge and which propose _reduc- 
tions in dose levels, may ‘not be final but are at present 
widely accepted as a sound basis for the protection of 
those exposed occupationally to ionizing radiation. 


Radioactive wastes 


15. The discharge of radioactive waste in countries 
with nuclear reactors has not led to appreciable radiation 
exposure of populations, and only small proportions of 
the wastes produced need to be discharged. The likely 
future extension in the use of such reactors, however, 
and the possibility of accidental releases of fission prod- 
ucts, clearly require that this subject be kept under 
review. It is important that work should be actively 
continued on methods of minimizing environmental con- 
tamination from these causes 


Radiation from fall-out 


16. Fall-out from nuclear weapon tests causes radia- 
tion exposure in several ways (chapter III). Exposure 
of the world population results from the slow fall-out 
of fission products which have been distributed in the 
stratosphere. Exposures also result from any fall-out 
from the radioactive “cloud” which passes through the 
troposphere without having reached the higher strato- 
sphere, and from the fall-out which may occur in areas 
adjacent to weapon tests or within some thousand kilo- 
metres of them. 


17. We also consider the ways in which fall-out 
material causes irradiation to different parts of the body, 
to people on different diets or under different agricultural 
conditions, and to people of different ages; and the 
change in the amounts of radiation that would result 
from altered or unaltered rates of injection of radio- 
active materials into the stratosphere. 


Fall-out adjacent to tests 


18. The early fall-out of radioactive materials near to 
the sites of nuclear explosions, which is influenced by 
various meteorological and testing conditions, may cause 
high radiation exposure to individuals within these areas. 
The amount of such radiation exposures varies very 
greatly with the weapon tested, with the height of firing, 
with the distance from the point of explosion, with the 
direction of winds at various altitudes and with the 
chance occurrence of rainfall through radioactive ma- 
terial in the early hours after the test. Therefore, at pre- 
sent, these doses cannot in general be calculated. Under 
very special conditions, high radiation exposure and 
deleterious effects have been reported, as in the cases of 
the Marshall Islanders and the crew of a Japanese fish- 
ing vessel. Not enough information is available as to the 
general circumstances in which such local deposition 
may occur, and the extent and duration of the exposures 
liable to be involved. 


Fall-out from the troposphere 


19. Radioactive materials injected into the atmosphere 
below the tropopause (at about 14 km) are br it down 
to the earth’s surface by rainfall and sedimentation. This 
process takes a few months during which they are car- 
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ried several times around the world. This tropospheric 
fall-out consists of a mixture of radioactive materials, 
most of which are short-lived isotopes. At the present 
time, the tropospheric fall-out is deposited intermittently 
during the year and a certain deposit of short-lived 
activities is built up and maintained. When appropriate 
factors for shielding and weathering effects are included, 
the gonad and average marrow dose from this deposit, 
as an external source, is calculated to be about 0.5 mrem 
per year. 

20. Transient increases of the doses from t 
spheric fall-out have been observed in limited areas 
shortly after weapon tests. These transient increases 
give rise for a few days to dose rates of the order of 
those from natural sources. 


21. The radioisotopes of tropospheric fall-out may be 
taken up into the body by inhalation and ingestion. Since 
the radioisotopes of principal concern are short-lived, 
storage of the contaminated food products reduces the 
dose which they contribute. The gonad dose over the 
whole population from inhaled and ingested tropospheric 
material is negligible as compared with the contribution 
from this material as an external source. The average 
bone marrow dose from internal sources is about 0.2 
mrem per year. 


22. Increases in radioactivity of the thyroid gland 
have been found during periods of several weeks or a 
few months following weapon tests. In human thyroids 
a dose from iodine-131 of about 5 mrem per year has 
been estimated for 1955-1956 in the United States ex- 
cluding areas immediately adjacent to weapon test sites, 
Doses of this order are unlikely to cause detectable 
damage or functional change in the gland. 


23. Irradiation of bone may result from incorporation 
of intermediate and short-lived fission products. Al- 
though these materials do not cause prolonged irradia- 
tion, they may become selectively concentrated into those 
areas of bone in which active growth is taking place at 
the time, and so cause more intense radiation locally 
than if the same amounts of these materials were dis- 
tributed throughout the whole skeleton. 


24. The Committee has insufficient information on 
local variations and temporary increases ef tropospheric 
fall-out in populated areas at different distances from 
weapon test sites, and emphasizes the lack of further 
data which would permit evaluation of the biological sig- 
nificance of this source of environmental contamination. 


World-wide fall-out from the stratosphere 


25. Radioactive materials injected into the strato- 
sphere, especially by high-yield nuclear explosions, con- 
stitute a reservoir from which they fall onto the whole 
of the earth’s surface for many years. The rate of fall- 
out varies with latitude and is greater in the northern 
hemisphere, where most of the tests are carried out. 
Within any given small area, fall-out rate may also vary 
with local meteorological conditions. The figures given 
in table I are computed from world-wide average 4e- 
posits from stratospheric fall-out. The radiation due to 
stratospheric fall-out from weapons exploded so far will 
contribute a 30-year gonad dose of 10 mrem, and a 70- 
year per capita mean marrow dose of 160 mrem and 960 
mrem for two populations deriving most of their dietary 
calcium from milk and rice respectively. 


26. Owing to the relatively gradual fall-out from the 
stratosphere, most of the subsequent radiation is due to 
two radioactive isotopes of slow decay, other fission 
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products already having largely undergone decay. These 
two radioactive isotopes are caesium-157 and strontium- 
90. The physical properties and chemical behaviour of 
the two differ. 


27. Caesium-137 is responsible for most of the gonad 
radiation from fall-out noted in table I. When it is taken 
into the body, it becomes distributed more or less evenly 
throughout the tissues, causing uniform irradiation of 
the whole body ; and when present in the surroundings, 
its penetrating gamma radiations cause a similarly uni- 
form irradiation of tissues. 


28. Strontium-90, on the other hand, is not a gamma- 
emitter and does not contribute significantly to the irradi- 
ation of any part of the body from without. However, 
on being taken into the body, it becomes incorporated 
in bone because of its chemical similarity to the normal 
bone-forming element calcium. This similarity with 
calcium and selective concentration in bone raises prob- 
lems which do not occur with caesium-137. 


29. The average concentration of strontium-90 in the 
bones of children, in whom new bone is continuously 
being formed, is higher than in adults whose bones were 
largely formed before the environment, and conse- 
quently the food supply, became contaminated with 
strontium-90. The highest concentrations of strontium- 
90 in bone have in fact been observed in children from a 
few months to five years old. The bone marrow ex- 
posures from fall-out given in table I are due to the 
strontium-90 content of bone and refer to the concen- 
trations estimated for children of these ages. The cor- 
responding exposures of bone cells from fall-out are; on 
the average, about three times the values for bone mar- 
row. Marrow cells almost enclosed by bone would receive 
doses similar to those in compact bone. The maximum 
marrow dose could differ by a factor of about 5 from 
the average level. 


30. The radiostrontium concentration in bone is also 
affected by dietary habit and by the ratio of the amounts 
of strontium-90 to calcium in the diet. At present this 
ratio differs in various dietary constituents ; it is higher 
in brown rice than in white, somewhat higher in many 
vegetables than in milk products, higher in rain-water 
thar in river water, and lower in sea fish than in fresh- 
water fish. 


31. Agricultural conditions may also affect the content 
of strontium-90 in the diet, since the available calcium 
of the soil will, within certain limits, influence the ratio 
of strontium-90 to calcium in crops derived from the 
soil. The distribution of soils which are highly deficient 
in calcium and their utilization require further study. 
More work is also needed to understand the distribution 
of strontium-90 in the soil, its chemical availability to 
plants and uptake through their roots, its behaviour 
under ploughing and the leaching of it from soil by the 
action of water, since the figures in table I for future 
strontium-90 levels in bone are calculated on the assump- 
tion that this material will not be leached from soil, and 
this assumption may lead to unduly high values. 


32. Bone marrow exposures from fall-out are given in 
takle I for two conditions : one based on observations in 
the United States of America and the United Kingdom, 
where milk is the main source both of dietary calcium 
and of strontium-90, and where soil calcium contents are 
commonly high; and the other based upon data from 
Japan where milk products are much less used and where 
rice and other vegetable products form the main source 
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of dietary calcium and strontium-90, and where low 
calcium soils are frequent. These two estimates demon- 
strate the present range of known dietary contamina- 
tions. They will be used in an attempt to estimate the 
hazard of radiation from fall-out in paragraph 57 below, 
when the nature and frequency of the biological effects 
of radiation have been considered. 


33. It is evident that the radiation exposures from 
fall-out which are most likely to be of significance are: 


(a) Those from short-lived fission products and 
radioactive material due to local or tropospheric fall-out ; 

(6) Those of the gonads and other organs from 
caesium-137 due to stratospheric fall-out ; 

(c) Those of bone and adjacent tissue from stron- 
tium-90 which also comes largely from the stratosphere. 
The relative importance of these contributions varies 
from region to region. 


Il. BroLoGICAL EFFECTS OF RADIATION 


34. The biological effects of ionizing radiation are 
exhibited in different ways according to whether isolated 
cells, tissues, organs or organisms are examined. In 
passing from unicellular to higher organisms, the pri- 
mary physicochemical consequences of radiation become 
increasingly influenced by secondary effects due to the 
reactions of the organism to the primary events. Detailed 
knowledge of these reactions is needed for a full under- 
standing of the results and mode of action of radiation. 
The following paragraphs deal first with the cellular 
effects of radiation ; then with the somatic effects on the 
irradiated individual and with the genetic effects on his 
progeny. 


35. The effects of ionizing radiations on living matter 
are extremely complicated, and their exact mechanisms 
are still largely unknown. The initial disturbance is asso- 
ciated with ionization (and excitation) of molecules 
which lead to alterations in their properties. Many func- 
tions of the cell are thus affected by radiation, and, al- 
though some specific effects may he caused by one or a 
few events in the cell, many are probably the combined 
result of numerous such events. 


36. The minimum doses causing certain detectable 
biological effects differ very much in different organisms, 
but for most mammals they are of about the same magni- 
tude, so that the results of experiments on such animals 
can, as a first roximation, be applied to man. The 
oe of di we tissues to radiation varies con- 
siderably, however. r knowledge of the biological 
effects of low radiation levels is meagre because of ex- 
perimental difficulties and the | observations nec- 
essary to obtain results in this field. At present, opinions 
as to the possible effects of low radiation levels must be 
based = on extrapolations from experience with high 
doses dose rates. 


Effects of radiations on man 
37. Man may prove to be unusually vulnerable to 
ionizing radiations, including continuous exposure at 
low levels, on account of his known sensitivity to radia- 
tion, his long life, and the interval between concep- 
tion and the end of the period of reproduction. 


38. Embryonic cells are especially sensitive to radia- 
tion, and some evidence suggests that exposure of the 
foetus to small doses of radiation may result in leukemia 
during childhood. Irradiation of pregnant mammals has 
shown that doses exceeding 25 rem to the foetus during 
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certain stages of its development can cause abnormalities 
in some organs. Some embryonic cells (neuroblasts) of 
certain species cultivated im vitro respond to doses as 
small'as 1 rad. If these results should be applicable to 
man and since they relate to the development of the 
brain, the opinion seems justified that even a very small 
dose to the human foetus may involve some risk of 
injurious effects if received during a critical periqd of 
pregnancy. Radiostrontium must be expected to enter 
foetal bone when calcification starts in the second tri- 
mester of pregnancy, and so cause irradiation of the 
adjacent developing nervous system and hypophysis with 
exposures ranging up to that occurring in the bone. The 
uptake of radiostrontium in foetal bone tissue is, how- 
ever, at present very small, contributing less radiation 
than 1 per cent of that due to natural sources ; but if the 
present rate of test explosions is continued, it will rise 


ultimately to some 10 per cent of that due to natural 
sources. 


39. Children are regarded as being more sensitive to 
radiation than adults, although there is little direct evi- 
dence on this subject, except for an indication that 
cancer of the thyroid may result from doses of a few 
hundred rad which do not induce this change in adults 


40. In human adults it is difficult to detect the effect 
of a single exposure to less than 25 to 50 rem, or of con- 
tinuing exposure to levels below 100 times the natural 
levels. The first sign of radiation damage to the blood- 
forming tissues seems to be a drop in the number of 
lymphocytes and platelets and the appearance of abnor- 
malities such as bilobed lymphocytes. 


41. Rapid but transient disturbances have been ob- 
served in mammals after exposure to a single dose of 
25 to 200 mrem. Appropriate biochemical and physio- 
logical techniques have, however, only recently been 
applied to the study of irradiated organisms, and have 
not yet given a clear picture of what happens to organ- 
isms irradiated with small doses or dose rates. Too few 
mammalian species have hitherto been studied in this 
respect, and there is a clear need to widen this basis, 
from which inferences can be drawn concerning man. 


42. Processes of repair play an important role in the 
final outcome of radiation damage. They are one cause 
of the existence of a threshold dose (or dose rate) 
characterized by the fact that this dose or greater ones 
produce a particular biological effect which does not 
appear when the dose is less than the threshold. In the 
latter case, physicochemical events have occurred, but 
recovery processes have prevented the final appearance 
of the biological damage. Threshold doses are found for 
some somatic effects, such as erythema of skin. Other 
forms of radiation damage to cells, tissues or organisms, 
however, appear to be cumulative; for instance, muta- 
tional damage, once established, is not repaired. 


43. Damaged cells or tissues may be eliminated and 
replaced by regenerated normal cells, this process being 
most active in embryos and young animals and in certain 
tissues of the adult. The affected cells may also re-estab- 
lish apparently normal biochemical functions. During 
the process of regeneration of tissues damaged by radia- 
tion, malignant tumours may be induced. 


44. The power of repair differs considerably in differ- 
ent organisms and types of cells, and varies to a high 
degree with the physiological conditions. No chemical 
treatment has yet been discovered which will induce or 
accelerate recovery from radiation damage in man. The 
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grafting of blood-forming tissue has so far been success. 
ful only in small mammals irradiated with a lethal dose 
to the whole body, and no attempt to apply this treatment 
to irradiated man has yet been reported 


45. Prevention of the effects of radiation is rendered 
more difficult, and complete protection against it impos- 
sible, because changes which already occur during the 
irradiation lead to later damage. The discovery of chemi- 
cal protectors, although important theoretically, has not 
yet yielded methods which appreciably reduce radiation 
damage in man. At present, effective protection from 
external radiation sources can only be achieved by ade- 
quate shielding or by keeping at a safe distance from the 
source. Much work is in progress on the effect of certain 
(chelating) agents in discharging from the body radio- 
isotopes incorporated there, and so diminishing exposure 
to internal irradiation. 


46. Morphologically recognizable damage may be in- 
duced by total or partial, continuous or intermittent 
irradiations much in excess of the currently accepted 
“maximum permissible levels” of occupational exposure. 
Such damage includes leucopenia, anemia and leukemia. 
Other pathological conditions such as cataract, carcinoma 
of the thyroid, and bone sarcoma are known to have re- 
sulted from partial body irradiations, but with rather 
high doses involving hundreds or even thousands of rem 
given to these organs. 


47. The shortening of the life-span in small rodents 
exposed to large doses has suggested the possibility that 
certain degenerative processes may be aggravated by 
continued exposure to low radiation levels. Such a 
shortening has also been inferred from an analysis of the 
published death rates of United States radiologists com- 
pared with those of certain other groups of medical men. 
However, studies in the United Kingdom have failed to 
demonstrate such an effect. 


48. Present uncertainty about the effects of low dose 
levels makes it imperative that as much relevant infornia- 
tion as possible be collected about groups of persons 
chronically exposed at these levels and for whom ade- 
quate control groups exist, for instance, certain popula- 
tions in areas of high natural radiation and workers in 
uranium mines. 


49. Exposure of gonads to even the smallest doses of 
ionizing radiations can give rise to mutant genes which 
accumulate, are transmissible to the progeny and are 
considered to be, in general, harmful to the human race. 
As the persons who will be affected will belong to future 
generations, it is important to minimize undue exposures 
of populations to such radiation and so to safeguard the 
well-being of those who are still unborn. 


50. The present assumption of the strictly cumulative 
effect of radiation in inducing mutations in man is based 
upon some theoretical considerations and a limited 
amount of experimental data obtained by exposure of 
experimental organisms to relatively high dose levels. 
This assumption underlies all present assessments of the 
mutational consequences of irradiation. Therefore, ex- 
tension of the experimental data to the lowest practicable 
dose levels is needed. 


51. The knowledge that man’s actions can impair his 
genetic irtheritance, and the cumulative effect of ionizing 
radiation in causing such impairment, clearly emphasize 
the responsibilities of the present generation, particularly 
in view of the social consequences laid on human popu- 
lations by unfavourable genes. 
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52. Besides increasing the incidence of easily discern- 
ible disorders, many of them serious but each compara- 
tively rare, increased mutation may affect certain 
universal and important “biometrical” characters such 
as intelligence or life-span. In this way, it is possible that 
continued small genetically significant exposures of a 
population may affect, not only a correspondingly small 
number of individuals seriously, but also most of its 
members to a correspondingly small extent. While less 
easy to detect, this second kind of effect on a population 
could also be serious. Unfortunately, the great majority 
of the genes affecting the “biometrical” characters are 
not ey detectable and so can only be studied 
collectively and with difficulty. In consequence, far less 
is known about them than about genes responsible for 
individually detectable changes and very little indeed 
about their response to irradiation, even in the best- 
studied experimental organisms. Hence it is impossible, 
at the present time, to estimate with any assurance the 
effect upon biometrical characters of any given level of 
irradiation of human populations. Much further research 
throughout this field is therefore needed. 


53. The Committee emphasizes the urgent necessity 
for well-planned investigations which may lead to a 
better understanding of the mechanism of mutation and 
the eventual possibility of controlling this process. More 
information is needed on the effect of radiation in induc- 
ing mutations in man. Indeed, even the dose required to 
double the normal mutation rate in man is not known 
with any accuracy. There is also need for a much closer 
co-operation between geneticists and demographers in 
elucidating the nature of the complex process of human 
selection. Many important subjects of relevant genetical 
research have been reviewed by a study group of the 
World Health Organization in their report “Effects of 
a upon Human Heredity”, document A/AC.82/ 
G/R.58. 


III. GENERAL CONCLUSIONS 


54. The exposure of mankind to ionizing radiation at 
present arises mainly from natural sources, from medical 
and industrial procedures, and from environmental con- 
tamination due to nuclear explosions. The industrial, 
research and medical applications expose only part of 
the population while natural sources and environmental 
sources expose the whole population. The artificial 
sources to which man is exposed during his work in 
industry and in scientific research are of value in science 
and technology. Their use is controllable, and exposures 
can be reduced by perfecting protection and safety tech- 
niques. All applications of X-rays and radioactive iso- 
topes used in medicine for diagnostic purposes and for 
radiation therapy are for the benefit of mankind and can 
be controlled. Radioactive contamination of the environ- 
ment resulting from explosions of nuclear weapons con- 
stitutes a growing increment to world-wide radiation 
levels. This involves new and largely unknown hazards 
to present and future populations ; these hazards, by their 
very nature, are beyond the control of the exposed per- 
sons. The Committee concludes that all steps designed to 
minimize irradiation of human populations will act to 
the benefit of human health. Such steps include the avoid- 
ance of unnecessary exposure resulting from medical, 
industrial and other procedures for peaceful uses on the 
one hand and the cessation of contamination of the en- 
vironment by explosions of nuclear weapons on the 
other. The Committee is aware that considerations in- 
volving effective control of all these sources of radiation 
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involve national and international decisions which lie 
outside the scope of its work.*f 


55. Certain general conclusions emerge clearly from 
the foregoing part of this report: 


(a) Even the smallest amounts of radiation are liable 


to cause deleterious genetic, and perhaps also somatic, 
effects. 


*The USSR submitted a draft proposal for paragraph 54 
which, as amended by Czechoslovakia with the agreement of 
the USSR, read as follows: 

“The scientific information received by the Committee indi- 
cates that the genetic effects of radiation must be considered 
reactions for which there is no threshold. This means that 
any increase in the exposure of the human organism to radia- 
tion will lead to an increase in the incidence of hereditary 
diseases. According to one body of scientific opinion, malignant 
neoplasms and also leukemias are diseases the incidence of 
which may increase as the level of radiation rises. These data, 
together with the fact that there is very little likelihood that 
the human —- can adapt itself to conditions of increased 
environmental radiation, indicate that any increase in the radia- 
tion dose above the natural radiation level must be considered 
undesirable for mankind. Efforts should auperdingty Se made 
to improve the physical basis and the technique of medical 
use of radiation by formulating more precise indications for 
the use of radiation and by eliminating adverse side effects. 
It is also essential to develop, on the basis of broad interna- 
tional co-operation among scientists, research on the improve- 
ment of protection and safety techniques in atomic industry 
and in science and technology. The physical and biological 
data presented in the report make it plain that efforts should 
be made to eliminate the uncontrolled source of radiation, i.e, 
to end experimental nuclear and thermonuclear explosions, 
and enable the Committee to draw the conclusion that there 
should be an immediate cessation of test explosions of nuclear 
weapons.” 

This proposal was rejected by the following roll-call vote: 

In favour: Czechoslovakia, Union of Soviet Socialist Re- 
publics, United Arab Republic. 

Against: Argentina, Australia, Brazil, Canada, France, Japan, 
Mexico, Sweden, United Kin; of Great Britain and North- 
ern Ireland, United States of America. 

Abstaining: Belgium (Chairman), India. 

The above text expresses the dissentin 
vakia, the United Arab*Republic and the 
of paragraph 54, which was approved 
Committee. 

t India also submitted a draft proposal for paragraph 34 
which, with amendments accepted by India, read as follows: 

“The exposure of mankind to ionizing radiation at present 
arises mainly from natural sources, from medical and indus- 
trial procedures, and from environmental contamination due 
to nuclear explosions. The industrial, research and medical 
applications expose only part of the population while natural 
sources and environmental sources expose the whole popula- 
tion. The artificial sources.to which man is exposed during 
his work in industry and in scientific research are of value in 
science and technology. Their use is controllable, and ex- 
posures can be reduced by perfecting protection and safety 
techniques. All applications of X-rays and radivactive isotopes 
used in medicine for diagnostic purposes and for radiation 
therapy are for the benefit of mankind and can be controlled. 
Radioactive contamination of the environment resulting from 
explosions of nuclear weapons constitutes a growing incre- 
ment to world-wide radiation levels, This involves new and 
largely unknown hazards to present and future populations ; 
these hazards, by their very nature, are beyond the control 
of the exposed persons. The physical and biological data con- 
tained in the report lead to the conclusion that it is undesirable 
to allow any general rise in the level of world-wide contamina- 
tion because of its harmful effects and that any activity which 
produces such a rise should be avoided. Nuclear tests are the 
main source at present which produce such a rise.” 

This proposal was rejected by the following roll-call vote : 


in favour: Brazil, France, India, Japan, United States of 
America. 


Against: Argentina, Australia, Mexico, Sweden, United 
Kingdom of Great Britain and Northern Ireland 

Abstaining: Belgium (Chairman), Canada, Czechoslovakia, 
Union of Soviet Socialist Republics, United Arab Republic. 


view of Czechoslo- 
SSR to the wording 
by a majority of the 
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(6) Both natural radiation and radiation from fall- 
out involve the whole world population to a greater or 
lesser extent, whereas only a fraction of the population 
receive medical or occupational exposure. However, the 
irradiation of any groups of people, before and during 
the reproductive age, will contribute genetic effects to 
whole populations in so far as the gonads are exposed 


(c) Because of the delay with which the somatic 
effects of radiation may appear, and with which its 
genetic effects may be manifested, the full extent of the 
damage is not immediately apparent. It is, therefore, 
important to consider the speed with which levels of 
exposure could be altered by human Action. 


It is clear that medical and occupational exposure, and 
the testing of nuclear weapons, can be influenced by 
human action, and that natural radiation and the fall-out 
of radioactive material already injected into the stratos- 
phere, cannot 


56. Present knowledge concerning long-term effects 
and their correlation with the amounts of radiation re- 
ceived does not permit us to evaluate with any precision 
the possible consequence to man of exposure to low radi- 
ation levels. Many effects of irradiation are delayed; 
often they cannot be distinguished from effects of other 
agents ; many will only develop once a threshold dose has 
been exceeded ; some may be cumulative and others not ; 
and individuals in large populations, or particular groups 
such as children and foetuses may have special sensi- 
tivity. These facts render it very difficult to accumulate 
reliable information about the correlation between small 
doses and their effects either in individuals or in large 
populations. Even a slow rise in the environmental radio- 
activity in the world, whether from weapon tests or any 
other sources, might eventually cause appreciable damage 
to large populations before it could be definitely identified 
as due to irradiation. Appearance and elimination of ad- 
verse genetic effects would be very slow; and, as the 
radioactive contamination accumulated, it might so act 
as to increase the likelihood of somatic injury in indi- 
viduals due to the additional exposure. Such a situation 
requires that mankind proceed with great caution in view 
of a possible underestimation. At the same time, the 
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possibility cannot be excluded that our present estimates 
exaggerate the hazards of chronic exposure to low levels 
of radiation. Only further intensive research can estab- 
lish the true position.** 

57. Any present attempt to evaluate the effects of 
sources of radiation to which the world population is 
exposed can produce only tentative estimates with wide 
margins of uncertainty. Estimates are given in chapter 
IT for the radiation exposure of populations from such 
sources, and in chapters V and VI for the likely somatic 
and genetic effects of given exposures. On the basis of 
these, the Committee has tried to evaluate the possible 
effect of natural and of fall-out radiation in causing leu- 
kemia, tumours of bone and major genetic defects (table 
II) since these are conditions which may possibly be in- 
duced by irradiation at low dose levels. The angi 
calculation, and the main sources of uncertainty in these 
estimates, are described in chapters III, V and VI, where 
factors of correction are also given for the different esti- 
mates corresponding to differences in the assumptions on 
which the calculations are based. It will be evident that 
the estimates indicate only the order of magnitude of the 
frequency with which effects may be produced, and that 
our ignorance as to whether thresholds exist for the 
induction of leukemia or bone tumours by radiation 
cause the greatest uncertainty in the estimates. 

Indications for research 

58. This report presents evidence both of the in- 
creasing levels of radiation exposure, and of our uncer- 
tainties as to the nature and extent of the effects of 
radiation on man, particularly when received at low dose 
rates over long periods. It is most important, therefore, 
that scientific research and the collection of information 
on the effects of radiation should be actively continued 
and developed so that the uncertainties in all branches of 
radiobiology are reduced or removed. 











** The maximum permissible levels of exposure and maxi- 
mum permissible y burdens of radioactive isotopes recom- 
mended in 1954-1955 by the International Commission on 
Radiological Protection as applying in the case of occupational 
exposure must not be misinterpreted to apply in the case of 
exposure of whole populations. 








TABLE II. ESTIMATES OF CERTAIN POSSIBLE ANNUAL CONSEQUENCES OF RADIATION RECEIVED BY 
WORLD POPULATION FROM CERTAIN SOURCES 
Source of radiation 
Fall-out from weapon tests 
World population Natural occurrence 
Comsequence assumed @ssumed per year Natural rediahon In equilitbam 
(im millions) aioe after pr 
tm 195 comimuaison of tesis 
Leukemia 
If threshold 0 rem. . {3,000 150,000 15,000 400 to 2000+ _ 
\5,000 250,000 25,000 _— 5,000 to 60,000 
If threshold 400 rem... . .. . 3,000 150,000 o Oe _ 
5,000 250,000 o _ oO 
Major Genetic Defects* 5,000 700,000 to 3,000,000 25,000 to 1,000,000 ' 500 to 40,000 





* Maximum rate during peak period. An estimated total of 
less than 25,000 to 150,000 would ultimately occur. 

» Unless individual bone marrow dose exceeds mean value by 
a factor of 60. 

* Unless individual bone marrow dose exceeds mean value by 
a factor of 80 to 500. 

4 Unless oa bone marrow dose exceeds mean value by 
a factor of 5 to 60. 

* Conditions which are at least a serious handicap to those 
affected, as listed in table XI of annex H. 

t A total of 2,500 to 100,000 would occur over subsequent years. 

Nores.—The+ methods of estimating incidences of leukemia 
and major genetic defects are described in annex D, paras. 127 
to 130. 

The quantitative evaluation of an increase in incidence of 
primary bone tumour attributable to radiation presents great 


difficulties. If it were assumed that 5 to 10 cases per million 
normally occurred per year, and that 10 per cent of these were 
induced by natural radiation the iowies figures could be calcu- 
lated from the ee osteocyte doses if a non-threshold hypo- 
thesis were assumed 


For tests stopping in 1958 and world population 3,000 million, 
70 to 900 per year (as the maximum rate). 


In equilibrium after prolo: continuation of tests and world 
population 5,000 million, 1, to 25,000 per year (as the con- 
tinuing rate). 

If a threshold of 400 rem were assumed, the incidences would 
be zero unless individual osteocyte doses e the mean value 
by a factor of 80 to 500 in the case of tests stopping in 1958 and 
by a factor of 5 to 60 in equilibrium after prolonged continuation 
of tests. 
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59. Our knowledge of radiation and of its hazards is 
not however static ; although still limited, it has been ex- 
panding rapidly. In recent years, considerable and some- 
times spectacular advances have been made in our 
understanding of many of these matters. In the light of 
general scientific experience, the Committee confidently 
expects that continuing research on an increasing scale 
will furnish the knowledge urgently needed to master 
those risks which we know to be associated with the 
development and scope of the uses of nuclear energy for 
the welfare of miankind. 


Indications for research into radiation levels 


60. The doses received by both individuals and whole 
populations from various sources are not yet adequately 
known. Consequently, 


(a) The range of tissue dose rates due to natural 
radioactivity, particularly in heavily populated areas with 
adequate demographic records, as well as the variations 
in content of natural radioactive substances in human 
beings need further examination ; 


(b) Fuller information is required as to the exposure 
of various populations to radiation during industrial pro- 
cedures and during medical procedures, especially in so 
far as this involves children or foetuses and exposure of 
the bone marrow or gonads. It would be valuable if these 
further investigations could provide (i) a more repre- 
sentative estimate for some countries already studied, 
(ii) a fuller study of the dosage associated with the 
varied extent of medical facilities in different countries, 
(iii) clearer estimates of the radiation given to different 
tissues, including bone, (iv) the contribution from radio- 
therapy and (v) a continuing study of future develop- 
ments and of changes in the cedical radiation exposure ; 


(c) More extensive research is required on the fate 
of industrial radioactive effluents of various types and on 


the prevention of radiation exposures of populations. 


from this source ; 


(d) Many factors which determine the distribution 
of local, tropospheric and stratospheric fall-out from 


2497 


experimental nuclear explosions require further investi- 
gation. In particular, more evidence is required on the 
behaviour of fission products in the stratosphere. Colla- 
tion of information is needed to determine the pattern 
and extent of global fall-out on land and oceans. Far 
more extensive information is needed as to the mechan- 
isms whereby fission products, particularly strontium-90 
and caesium-137, reach food-chains and enter the human 
body, as well as the concentration of those materials in 
human tissues, particularly under the conditions where 
this is likely to be greatest. 


Indications for research into biological effects 


61. Information concerning the biological effects of 
irradiation of man is derived from experimental biology, 
and from clinical observations and statistical surveys. 


(a) All advance in radiobiology depends upon prog- 
ress in general cellular biology, and requires intensive 
study of the fields concerned. 


(6) Fundamental biological knowledge is required for 
our understanding and control of the way in which radi- 
ation influences cells and their hereditary material, and 
how it brings about carcinogenesis. Further studies of 
these phenomena are needed, and form the only satis- 
factory basis for measures which could be adopted to 
prevent or cure the harmful effects of radiation. 


(c) To identify any occasional harmful effects of low 
doses and dose rates requires systematic and long-term 
observation and the recording of relevant facts, especi- 
ally concerning the frequency of certain somatic dis- 
orders and the genetic structure of populations. It is a 
task to which this Committee urgently draws the atten- 
tion of demographers and medical statieticians, especially 
in regard to possible correlation of certain diseases with 
high natural or artificial radiation exposure. 


Training for research 


62. The advance of research in all these fields depends 
upon appropriate training of scientific workers. 
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A COMMENTARY ON THE REPORT OF THE UNITED NATIONS SCIENTIFIC 
COMMITTEE ON THE EFFECTS OF ATOMIC RADIATION 


The Committee on Pathologic Effects of Atomic Radiation of the 
National Academy of Sciences - National Research Council has continued 
to function since the issuance of its report* in June 1956 as part ofa 
study by the National Academy of Sciences - National Research Council 
Committees on.the Biological Effects of Atomic Radiation. Several of 
its members have worked closely with the United Nations Scientific 
Committee on the Effects of Atomic Radiation and therefore have been 
cognizant of the discussions which went on in the United Nations Com- 
mittee leading to its report and various annexes.** It is gratifying in 
reading the report of the United Nations Scientific Committee to note 
that it has drawn upon the reports of the National Academy of Sciences - 
National Research Council Committees. 


Our Committee on Pathologic Effects of Atomic Radiation offers 
sincere congratulations to the United Nations Scientific Committee on 
the Effects of Atomic Radiation for its report published on August 10, 
1958. This represents the most comprehensive study of effects of ioniz- 
ing radiation ever undertaken and brings together in compact form a 
tremendous body of information derived not only from the knowledge 
available in the 15 nations represented on the Committee but also from 
that of all of the States Members of the United Nations and its Specialized 
Agencies. 


Of unusual interest is the wide geographic coverage provided by the 
fallout data. We share the reservations of the Committee of the Medical 
Research Council of the United Kingdom with regard to possible future 
levels of fallout. Conclusions based not only on assumptions of unpre- 
dictable future events but also on broad scientific assumptions as to the 
distribution of fallout material in man's environment are necessarily 
uncertain. 


* Report of the Committee on Pathologic Effects of Atomic Radiation 
(Publication 452 of the National Academy of Sciences - National 


Research Council, Washington, 1956). 


** Report of the United Nations Scientific Committee on the Effects of 


Atomic Radiation (General Assembly, Official Records: Thirteenth 
Session, Supplement No. 17, Doc. A/3838, New York, 1958). 
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The global character of the report is emphasized by considerations 
of subjects to which we, in this country, would ordinarily not give atten- 
tion, such as marked dietary differences in different areas. For example, 
the estimates of radiostrontium uptake in our own and in western European 
countries were based on the derivation of the bulk of dietary calcium from 
milk, whereas great masses of populations in the Orient derive most of 
their dietary calcium from rice. This approach, taking cognizance of 
situations peculiar to specific regions and variations in dietary habits, 
serves to emphasize the unanimity of the general trend of opinion among 
the scientists drawing up the report for the United Nations Scientific Com- 
mittee on the Effects of Atomic Radiation, as well as the report of the 
Medical Research Council of the United Kingdom* and our own in 1956. 


We will comment directly on the annexes to the report only to say that 
they contain a vast mass of source material and a number of useful calcu- 
lations. 


In those portions of the United Nations report that deal with pathologic 
effects there are several points on which we are not entirely in agreement 
and are constrained to make clear our position. These minor points 
should not cloud our general agreement with and admiration for the report 
of the United Nations Scientific Committee. We believe, however, that it 
would be useful to make the following particular comments: 


1) The question of induction of leukemia or other types of cancer 
in man by very small doses of radiation has been treated in the United 
Nations report to suggest that the hypotheses of linearity and threshold 
effects as applied to the behavior of somatic cells have equal likelihood 
of validity. Our committee inclines to the view that many forms of can- 
cer, including leukemia, arise through a more or less complex series 
of responses. While somatic mutations may be included among these, 
it seems doubtful that a strict linearity analogous to that seen in the 
genetic effects of radiation is as likely to hold in the case of these con- 
ditions. We note also that there is a considerable body of experimental 
evidence favoring non-linearity in specific instances. Also, the report 
seems largely to emphasize the two extreme possibilities, that of a 
linear relation and of a threshold, and gives little attention to non-linear 
relations. It is recognized that large-scale definitive experiments and 
demographic observations are needed since they may be of help in re- 
solving these questions. 


2) Knowledge of the incidence of leukemia and other tumors as well 
as of the mechanism of radiation tumorigenesis is too incomplete to per- 
mit accurate estimates of numbers of cases of radiation-induced leukemia, 
bone cancer, or other types of tumors. We recognize that the tabulations 


* Medical Research Council, The Hazards to Man of Nuclear and Allied 


Radiations (London, Her Majesty's Stationery Office, 1956). 
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given by the United Nations Scientific Committee present estimates which 
range from zero to some thousands of cases and hence imply much uncer- 
tainty. We are concerned that greater validity may be ascribed to these 
figures than the basic data warrant. 


3) There is perhaps too great an impression created that leukemia 
is an inevitable result of radiation, neglecting the fact that leukemia de- 
velops in only a fraction of radiologists, heavily exposed by occupation. 
Even in the Nagasaki and Hiroshima survivors the incidence of leukemia 
appears to have reached a low-level peak several years ago and to be de- 
creasing at the present time. 


4) We note with considerable satisfaction that the United Nations 
Scientific Committee is encouraging those nations within which there are 
regions of high natural radiation background to make intensive studies of 
these regions both from the standpoint of radiation measurement and from 
the standpoint of somatic and genetic effects in man and his living environ- 
ment. We believe that epidemiologic and demographic studies of popula- 
tions in the United States living under different conditions of radiation 
background are also feasible and desirable in spite of the obvious techni- 
cal difficulties inherent in such studies at the low natural background 
levels of radiation. 


5) With particular relation to Chapter V of the Report, we have the 
following comments related to specific points which are minor when 
weighed against the excellence of the Chapter as a whole. 


a) Paragraphs 6 and 7: It would be helpful to define more 
clearly what is meant by "radio sensitivity.'' 


b) Paragraph 11: We doubt that it is clearly established in 
man that there is evidence of a decline in resistance to radiation during 
senescence. The wording in paragraph 11 might be clarified in this re- 
gard. 


c) Paragraph 18: The whole field of research with regard to 
the existence of specific toxic products induced in the blood by radiation 
is still controversial, and it is impossible to draw conclusions at the pres- 
ent time. We would have preferred it had the paragraph stated, "It has 
been suggested ...'' rather than ''There is some evidence ..."'. 


d) Paragraph 19: We believe too great emphasis has been 
placed on blood supply alone with regard to the production of disturbances. 
Perhaps a more general way of stating the point would be to emphasize the 
inability of irradiated animals or tissues to react normally to homeostatic 
stimuli. 
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e) Paragraph 22: Most hematologists in this country are 
skeptical that a single dose of 250 mrem could produce a drop in lympho- 
cytes. We consider it more likely that the reported drop in lymphocytes 
was produced not by radiation but by an alarm reaction (adrenal corticvids) 
produced by the conditions of the experiment. 


f) Paragraph 29: This is so compactly written that it is diffi- 
cult to follow. It is not clear what functional changes have been elicited 
with "often very low doses" and why they are of ''great significance". 


g) Paragraph 30: In this paragraph we note that "irradiation 
of animals with 300 to 400 r produces changes in the electroencephalogram 
of about one week's duration". In light of clinical experience further work 
is needed to establish the clinical significance of such exposures. 


h) Paragraph 35: The sentence, ''The sensitivity of the retina 
can be used as a detecting procedure of the effect of radiation upon the 
human body", is not clear. 


i) Paragraph 36: It would have been helpful to mention the 
carcinomas of the accessory respiratory sinuses noted among some of 
the radium-dial painters. It would have been helpful to point out that 
little is known of the effects of radioactive particles in the lungs in com- 
parison with the effects of internal emitters deposited elsewhere in the 
body. One of our subcommittees is preparing a report on inhalation 
hazards. 


j) Paragraph 38: Inthe discussion of radioactive iodine, it 
is important that no parenchymatous tumors of the thyroid have yet de- 
veloped in man in spite of very heavy doses of radiation from internal 
emitters to the thyroid. There is evidence that external radiation in child- 
hood may later lead to the development of thyroid cancer. 


k) Paragraph 58: It is inadvisable to use the rem as a unit to 
relate osteocyte dose to bone tumor incidence, since the Relative Biolog- 
ical Effectiveness for tumor induction is unknown. 


1) Paragraph 65: We believe that there has not been precise 
wording of the statements, undoubtedly due to a desire to be as concise 
as possible. We would prefer to restate the paragraph as follows: Some 
tissues of the embryo and fetus are among the most easily destroyed by 
radiation. Malformations of a somatic type and other pathologic condi- 
tions have been observed in children exposed in utero to therapeutic radi- 
ation of their mothers. There is evidence that diagnostic exposure of the 
fetus may be associated with development of leukemia. 
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Summary and Conclusions 


We are in general accord with the report of the United Nations 
Scientific Committee on Effects of Atomic Radiation and read it with 
admiration for its quality and scope. 


We hope that the Committee will issue supplemental reports from 
time to time, using the 1958 report as a point of departure. 


December 13, 1958 


Shields Warren, Chairman Austin M. Brues, Rapporteur 


Howard Andrews Harry Blair 

John C. Bugher Eugene P. Cronkite 
Charles E. Dunlap Jacob Furth 

Webb Haymaker Louis H. Hempelmann 
Samuel P. Hicks Henry S. Kaplan 


Harry Kornberg Sidney Madden 
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Medical Research Council, 

38 Old Queen Street, 
Westminster, 

London, S.W.1. 


To the Right Honourable THE Viscount HaILsHaM, Q.C., Lord President 
of the Council 


My Lorp, 


In accordance with your request, the Medical Research Council asked 
their Committee which, in 1956, produced the report on The Hazards to Man 
of Nuclear and Allied Radiations, to prepare a statement on the report of 
the United Nations Scientific Committee on the Effects of Atomic Radiation. 
This they have now done and their statement has been accepted by the 
Medical Research Council who have authorised me to transmit it to you. 
Throughout the deliberations of the United Nations Scientific Committee, 
members of the Council’s Committee and of the Council’s staff have contri- 
buted both information and assessments of available data. ‘When, therefore, 
my Council asked them to comment on the report of the United Nations 
Scientific Committee, they were already closely acquainted with much of the 
information and thought that it contained. In consequence they were able to 
produce their own statement with great expedition. Nevertheless, the Council 
recognise that this has required much anticipatory work and, since the 
report of the United Nations Scientific Committee became available, intensive 
consideration ; and it is the Council’s wish that, in transmitting this statement 
to you, I should express their appreciation of the way in which their Com- 
mittee has carried out its task. 





I have the honour to be, my Lord, 
Your Lordship’s obedient Servant, 
Limerick, Chairman, 
Medical Research Council. 


August, 1958 
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THE REPORT OF THE SCIENTIFIC COMMITTEE ON 
THE EFFECTS OF ATOMIC RADIATION TO THE 
THIRTEENTH GENERAL ASSEMBLY OF THE 
UNITED NATIONS 


A REPORT TO THE MEDICAL RESEARCH COUNCIL BY THEIR 
COMMITTEE ON THE HAZARDS TO MAN OF NUCLEAR AND 
ALLIED RADIATIONS 


1. In accordance with the request of the Lord President of the Council to 
the Medical Research Council, we have met and considered the Report 
of the United Nations Scientific Committee on the Effects of Atomic 
Radiation published on 10th August, 1958, and submit our comments herewith. 


2. We would wish, at the outset, to offer our congratulations to the 
members of the United Nations Scientific Committee on having carried out 
so well the onerous task allotted to them. In our opinion their Report is 
both a valuable account of present knowledge in this field and an important 
contribution to the difficult problem of its assessment. 


3. In general their Report follows the same lines as our own* and that 
of the United States National Academy of Sciencest, both of which were 
published in June 1956 ; and we have derived considerable reassurance from 
the fact that, in a field of science that is so difficult and, as yet, relatively 
little developed, the three major reports on this subject are so substantially 
in agreement with each other. In the two years that have passed since our 
report was published much additional information has been collected, but this 
has led to no major revisions of opinion; rather it has strengthened and 
amplified the tentative conclusions and predictions in the two earlier reports. 


In one respect, however, the report of the United Nations Committee 
has ranged more widely than either our own of 1956 or that of the United 
States National Academy of Sciences. Both these confined their attention 
to conditions in technologically well-developed countries of the Western 


world. The report of the United Nations Committee considers the problem 
on a world-wide basis. 


4. In considering the Report we have departed from the arrangement of 
its chapters and to facilitate reference and comparison for readers in this 
country we have followed the sequence adopted in developing the subject in 
our own report of 1956. We have also felt it necessary to review first certain 
basic, although still uncertain, questions which inevitably influence the attitude 
towards the data subsequently considered. 


5. The Annexes to the Report, containing as they do the detailed treatment 
of particular aspects, necessarily provide many examples of points on which, 
in the present state of our knowledge, differing ‘opinions may justifiably 
be held. We have not, however, thought it profitable to set out such alter- 
native views unless these affected a major conclusion or attitude adopted in 
the Report proper. 


6. Finally, we wish to state that, throughout the deliberations of the United 
Nations Scientific Committee, many of our own members, and members of 








. The | Hazards to Man of Nuclear and Allied Radiations (Cmd. 9780, H.M.S.O., 1956). 
+ The Biological Effects of Atomic Radiations Summary Reports (National Academy 
of Sciences—National Research Council, 1956). 
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the staff of the Medical Research Council, have provided the Committee with 
information and with assessments of particular aspects of the subject. We 
were, therefore, to some extent acquainted with the main trends of the 
Committee’s thinking and this has expedited our consideration of their Report. 


The Fundamental Problem of the Relationship between Radiation Dose 
and the Effect which may be produced on Human Populations 


7. Although there is as yet little direct information about the genetic 
effects of radiation on man, there is general agreement that the experimental 
evidence now available on animals and plants indicates that for every small 
increment of exposure to radiation there is a small but proportional increment 
in the frequency of mutations in the germ cells that will manifest themselves 
as genetic changes in future generations, and that there is no threshold dose 
below which no such effect occurs. This view—with which we agree—is 
the basis upon which the genetic hazard is discussed in the United Nations 
Committee’s Report. 


8. When the somatic effects of radiation are considered, however, scientific 
opinion is still divided as to whether a threshold dose exists below which 
there will be no induction of leukaemia or other form of cancer. This has 
been recognised by the United Nations Committee when for example in 
Table Il, Chapter VII (Annexe II of this present report), they have calculated 
the casualties from leukaemia to be expected from exposure to radiation 
from estimated levels of fall-out. They conclude that, if a threshold does not 
exist, then a number of cases will be induced and that this number will 
be related to the average amount of radiation received by the population 
as a whole; if, on the other hand, a threshold does exist, and is at the 
level suggested, there will be none, unless by some special misfortune some 
individuals receive a dose of radiation greatly in excess of the average, when 
a small proportion of these might show ill effects. 


9. Nevertheless, the impression that we have derived from reading Chapter 
IV of the Report on Fundamental Radiobiology, and more particularly 
Annexe F with the same title, is that there is a predisposition to favour the 
view that the induction by radiation of such possible long-term somatic effects 
as leukaemia and cancer is a process comparable to that of induction by radia- 
tion of genetic mutations, and that there is, in consequence, no threshold dose 
below which there is no induction of such somatic effects. In our opinion, 
this view tends to tinge the interpretation of subsequent data, despite the 
earlier recognition of the equally tenable alternative view. 


10. In our view, it is not possible at this present time to decide whether 
there is or is not a threshold dose concerned in the induction of leukaemia 
and cancer, and the only scientific attitude to the problem at present is one 
of suspended judgment. Nevertheless the significance of the alternative points 
of view in determining the ultimate assessment of risk should be clearly 
understood so that those who have the responsibility for acting on such 
assessments should be fully aware of the alternative possibilities that need 
to be taken into account. 


The Effects of Radiation on the Health of the Individual (Somatic Effects) 


11. We are in general agreement with the views expressed in Chapter V 
entitled ““ The Somatic Effects of Radiation”. Apart from referring to the 
opinions we have expressed in the previous section on the present state 
of our knowledge regarding the induction of cancer and leukaemia by 
radiation, it will suffice if we indicate the relatively minor points upon which 
we have reservations. 
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12. We were surprised (para. 22 of Chapter V) to learn that a tem 
drop in the level of white blood cells had been observed after a single dose 
of radiation as small as 250 mr. In our experience doses at least 50 to 10) 
times larger are required to produce unequivocal effects. 


13. We have not ourselves observed the changes in function of the nervous 
system described as following small doses of radiation mentioned in paragraphs 
29 and 30, and we are inclined to question the stress laid upon the role of 
small doses of irradiation in producing malformations of the brain and 
changes in retinal functions referred to in the latter half of paragraph 41, 


14. In paragraph 32 of the Report the effects of radiation in producing 
temporary changes in fertility and causing permanent sterility are considered, 
It is not made clear, however, that the doses required to produce permanent 
sterility are very much larger than those which produce transient changes, 
Thus whilst it is said that a dose of 30r may produce transient changes in 
the male it is not made clear that the dose required to produce permanent 
sterility is in the region of 500r. In women a dose of 300r may be sufficient 
near the end of reproductive life, but considerably higher doses would be 
required earlier. If received in the course of whole body irradiation, doses 
of this magnitude would inevitably cause serious illness shortly after exposure. 


15. According to our knowledge, the doses of radiation required to produce 
cataract, cited in paragraph 35, are unduly low even for minimal doses; 
nor are we aware of any published evidence that, in experimental animals, 
cataract formation has followed the administration of radiostrontium. 


16. We note that reference is made to the survey of radiologists, carried 
out in this country, which does not confirm earlier reports that in persons 


so exposed to radiation there was a significant shortening of the life span 
(para. 51). 


17. Although we are aware from animal experiments that resistance to the 
lethal effect of large doses of radiation decreases towards the end of the 
life-span, we know of no evidence that such an effect can be observed in 


man within the very wide dose range used in medical diagnostic and tlera- 
peutic radiology. 


18. In paragraph 65, where the effect of radiation on the embryo and 
foetus are considered, the sentence occurs “ Malformations and other patho- 
logical conditions have been observed following exposure of pregnant women 
to accidental and therapeutic irradiation and to diagnostic procedures, ¢g 
pelvimetry.” In this form the sentence is unduly alarming. As far as we 
are aware, no evidence has been produced that the doses of radiation used 
in diagnostic procedures have produced congenital malformations in the child; 
and the evidence that the doses used in certain special examinations might 
very rarely result in a child so exposed later developing leukaemia can 
perhaps most fairly be assessed as a small possibility to be weighed against 
the importance of the need to carry out the particular examination. 


The Genetic Effects of Radiation 


19. As in the chapter on the somatic effects of radiation we are it 
substantial agreement with the views expressed in Chapter VI on genetic 
effects. 


20. We accept the view given in paragraph 9 that the knowledge now 
available indicates that “ there is at present no known threshold of radiation 
exposure below which genetic damage does not occur”, that “the expett 
mental foundation for a linear dose relationship is fairly well established 
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at moderate doses but is increasingly meagre at lower doses” and “ that it is 
prudent to assume . . . as much hazard as is implied by a linear relation 
between mutation and gonad dose as has been done in the present [i.e., the 
United Nations Scientific Committee’s] report.” 


21. We are pleased to note that, in the difficult matter of estimating the 
amount of radiation required to double the mutation rate of a representative 
number of human genes, the United Nations Scientific Committee have 
arrived at a range of possible values similar to that which we put forward. 
They suggest a range from 10 to 100 rad. In our report of 1956 we suggested 
a range of 30 to 80 rad. 


22. In estimating the social burden that may be imposed upon populations 
by the presence of unfavourable genes, and the effects of increased exposure 
to radiation, the United Nations Scientific Committee have largely based 
their calculations upon recent work carried out in Northern Ireland. On 
this basis the conclusion is reached that a permanent doubling of the 
mutation rate might ultimately result in an increase in the present 4 per cent 
of live-born children with genetically determined disorders to some value 
greater than 5 per cent but less than 8 per cent. 


In our own report of 1956, with the information available, we did not 
feel justified in dealing with this problem in this general way. Rather we 
chose to take conditions representative of different kinds of genetic disturbance 
and to show how the incidence of these would be altered by doubling the 
mutation rate ; and by indicating the proportion of such conditions in the 
total of genetically determined disorders, and the wide differences in their 
importance both to the affected individual and to society, we tried to suggest 
broadly the scale of the problem. 


The method adopted by the United Nations Scientific Committee has the 
advantage of indicating the overall size of the problem. The method we 
adopted has, on the other hand, the advantage of bringing out clearly the 
wide differences in the importance of different kinds of genetic disturbance 
and the time scale over which changes in incidence would occur in response to 
radiation. Following an increase in the mutation rate few generations are 
required for the increased incidence of deleterious dominant traits to reach 
its maximum ; but a great number of generations and up to many hundreds 
of years are required for the maximal incidence of recessive traits or 
characteristics showing continuous variation about the average (biometrical 
characters) to become manifest. 


Considering, however, the difficulty of this subject and the inadequacy 
of the data available, the two estimates are as much in accord as could 
reasonably be expected, and can be taken as a working basis for present 
purposes. 


Existing and Foreseeable Levels of Exposure to Radiation 


23. The important considerations under this heading are contained in 
Chapter III of the Report. 


24. The assessment of doses received from the natural environment—the 
background radiation—agrees with that made by other authorities. 


Although reference is made to the variation in the amount of background 
tadiation in different areas of the world, and it is noted that in exceptional 
Places this may be some 10 times the world average, this point is apt to be 
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lost sight of in subsequent chapters. As the amount of background radiation 
is taken as the standard with which to compare any increments of artificial 
radiation, the result is that, in places, the Report tends to lose perspective, 


25. Both our report of 1956 and that of the United States National 
Academy of Sciences drew attention to the large contribution from medical 
diagnostic radiology to the genetically significant doses of radiation to th 
population. The American estimate was that this is equal in amount to th 
natural background. In this country we estimated that the contribution from 
it would be some 22 per cent of the natural background but made the 
reservation that this figure should be regarded as tentative and probably a 
lower limit. Further information has confirmed us in this reservation 9 
that we are now willing to accept that the genetically significant dose from 
this source may be as much as 100 per cent of the natural background 
radiation in countries with extensive medical facilities. Although the work 
average may eventually rise to the figure quoted, at the present time it mug 
be very much lower because there are large populations in which radiological 
examinations are very infrequent. 


It is reassuring to note, however, that there is agreement that most of this 
genetically significant radiation comes from a few types of radiological 
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medical facilities. The average contribution from this source to the bone 3 
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28. In respect of environmental contamination from radioactive fall-out bot 
following nuclear weapon tests, attention is concentrated on fission products, | Pt 
although the production of some radioactive isotopes by neutrons is noted. : 
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30. As was to be expected from the steady fall-out of radioactive isotopes, the 
the cumulative amounts on the earth’s surface are increasing. The rate of 2 


increase varies from place to place according to the influence of such factors 
as geographical position and meteorological conditions. In this count 
since 1954 the fall-out rate of strontium 90 has increased very little, from 
2 to 2:5 mc/Km? yearly ; in New York State the increase has been from 
3 to about 45 mc/Km*. 
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31. In our report of 1956 we estimated that, if nuclear weapons of the 
type then in use continued to be exploded indefinitely at the same rate as 
over the previous few years, then, when equilibrium was reached in about 
100 years’ time, the dose to the reproductive organs from external radiation 
in the United Kingdom would be about 0°026 r. over any subsequent 30-year 

riod. But at about the time we published our report, radioactive cesium 
from fall-out was detected in the human body. From a biological point of view 
radioactive cesium resembles the naturally occurring radioactive potassium 
which contaminates ordinary potassium and which, like it, is distributed 
throughout the body including the reproductive organs. Further, it has since 
been found that the average time durimg which radioactive cesium is retained 
in the human body is some 7 times longer than was then believed. The 
United Nations Scientific Committee have taken these facts into account. 
They have also used a factor for shielding and weathering thought to be 
more representative for the world as a whole and allowed for a greater con- 
tribution from tropospheric fall-out. These considerations have led them to 
an estimate that, over a period of 30 years, the upper limit for 
the genetically significant dose to the reproductive organs could be 0°06 rem 
or 0:12 rem according to which of the two assumptions mentioned in para. 35 
below for estimating future levels of fall-out is chosen. 


We accept these values but would point out that to appreciate their 
significance they should be considered against the dose of 3 rem given in the 
same Table, which would, on the average, be received from the natural 
background radiation over the same period. 


32. As we stated at the outset we, in our report in 1956, had confined 
our attention to conditions in countries comparable to the United Kingdom. 
The United Nations Scientific Committee have considered the problem 
on a world-wide basis, and have, therefore, taken into account the effect of 
differences in type of diet upon the concentration of strontium 90 in bone. 


33. The harmful effects ascribed to strontium 90 are related to its con- 
centration in the skeleton. This concentration is expressed as the ratio 
between strontium 90 and calcium in bone*. Both strontium 90 and calcium 
enter the body in food, and the concentration of strontium 90 in bone depends 
both on the amount of strontium 90 and on the amount of calcium in the 
particular diet. 


In Western diets, milk is the predominant source of both strontium 90 
and calcium, Here the cow is, as it were, interposed as a partial filter between 
vegetation, which is contaminated with strontium 90, and the human body. 
In countries where the diet is predominantly derived from plants, as m 
countries where rice is a staple food, there is no such filter between man 
and his environment. As a result, for the same degree of fall-out, higher 
concentrations of strontium 90 would be expected in the bones of those 


Hing on mainly plant-type diets than in the bones of those living on milk-type 
ets. 


Complications, such as differing soil composition and agricultural practice, 
also enter into this problem. Taking all considerations together the United 
Nations Scientific Committee conclude that, for the same degree of fall-out, 
the average concentration of strontium 90 in the bones of those living on a 
plant-type diet may be up to 5 or 6 times that in the bones of those on a 
milk-type diet. 


We consider that, on the available evidence, this is a reasonable conclusion. 


* The unit used in this measurement is the Strontium Unit or S.U. ; 
18.U. = 1 uc Sr.90/g.Ca. (1 micromicrocurie of strontium 90 per gramme of calcium). 
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34. Dietary habit also influences the amount of cesium 137 taken int 
the body. The upper limit, however, would be most unlikely to be as much 
as twice the average value. 


35. The Report is concerned not only with present levels of fall-ow, 
but with those that might occur in the future. 


It is a comparatively easy matter to calculate with some assurance the 
levels of fall-out that will occur in the future as a result of explosions that 
have already happened. It is an entirely different matter to calculate the 
levels that might occur from future testing. Todo this, it would be necessary 
to know the testing programme and foresee the design of future weapons. 
If. therefore, the United Nations Scientific Committee were to give some ide, 
of what continuing testing would entail, they had perforce to make particular 
assumptions. They chose to make two alternative assumptions and on the 
oe of these constructed two different models of the degree and rate of 
all-out. 


The first assumption (model “a” in Table I of Chapter VII which is 
here reproduced as Annexe J) is that the future rate at which fission products 
are injected into the stratosphere will be such as to maintain the fall-out 
rate constant at the present level. Implicit in this assumption is the idea 
that the unusually heavy explosions in the spring of 1954 injected a “ bank” 
of fission products into the stratosphere and that subsequent explosions have 
been no more than would suffice to keep this “ topped up”. 


The second assumption (model “b”, Table I, Chapter VII, here repro 
duced as Annexe I) is that weapon tests, equivalent in release and injection 
of fission products into the stratosphere to the whole sequence of weapon 
tests from the beginning of 1954 to the end of 1958, will continue to be 
repeated at a constant rate. Under this assumption the heavy tests in the 
spring of 1954 are included. 


When, in about 100 years’ time, equilibrium is expected to have been 
reached between new fission products injected and the decay of those already 
there, and, in consequence, the radioactivity in the stratosphere is maintained 
at a constant level, the value given by assumption “b” is about twice a 


“ ” 


large as that given by assumption “a”. 


36. We have carefully considered these calculations. The method chosen 
for their working out seems to us reasonable but the soundness of th 
conclusions reached necessarily depends on the validity of the initial 
assumptions. 





Assessment of the Hazards of Exposure to Radiation 


37. Consideration of this aspect of the subject is brought together i 
Chapter VII of the Report, entitled “Summary and Recommendations”, 
For convenience of reference we have reproduced Tables I and II from this 
Chapter as Annexes I and II of this report. 


38. Table I summarises the estimated doses from radioactive sources, 
and we have the following comments to make upon it. 


39. Natural sources. The figures given opposite this heading are computed 
from the world-wide averages. Owing to the variation in the natural back 
ground from place to place, we feel that the significance of the other dat 
in the table could have been better appreciated if the range of variation i 
natural background, ordinarily occurring, had been inserted here. 
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40. Man-made sources (except environmental contamination and occupa- 
tional exposure). These make easily the largest contribution to the genetically 
significant dose, and medical diagnostic radiology is by far the most important 
single source. The figures given are those for countries with extensive medical 
facilities. As a world-wide figure they must, therefore, be regarded as some- 
thing that may occur in the future rather than something that exists at 
present. 


41. Occupational exposure. These figures are accepted and it is gratifying 
to see that the risk from this source is being maintained at such a low level. 


42. Weapon tests, ceasing at end of 1958. We accept these figures as 
‘| reasonable approximations. 


The mean marrow dose under this cross-heading is attributable in large 
part to strontium 90 in bone. Translating the figures for exposure from 
rems to strontium units yields values of 2:3 S.U. as the average level in human 
bone of populations on a milk-type diet, 14 S.U. as the average in those on 
a plant-type diet, in both cases as the average over the forthcoming 70 years. 


In our report of 1956, we said that the maximum allowable concentration 
of strontium 90 in the bones of the general population, with its proportion 
of young children, should not be greater than 100 S.U. This level had been 
adopted by the International Commission on Radiological Protection and 
was allowed in the Report of the United States National Academy of Sciences. 
The special sub-committee of the United States National Academy of Sciences 
appointed to consider this matter were unable to reach agreement, but the 
general belief was that 50 S.U. would produce no perceptible effect ; we felt 
that immediate consideration would be required if the level in the general 
population showed signs of rising greatly above 10 S.U. 


43. Weapon tests continued until equilibrium is reached in about 100 
years. These figures are based upon the alternative assumptions set out in 
paragraph 35 of our present report. In so far as these assumptions are valid, 
the figures are in our view reasonable. Translating the marrow doses from 
rems to equivalent average concentration of strontium 90 in bone, the figures 
for countries on a milk-type diet become under assumption ‘a’, 19 S.U., and 
under assumption ‘b’, 40 S.U.; for countries on a plant-type diet under 
assumption ‘a’, 107 S.U., and under assumption ‘ b’, 240 S.U. 


44. Because of the view that there is no threshold dose of radiation below 
which genetic mutations do not occur, and because the relation between dose 
of radiation and incidence of mutations is thought to be linear, it is justifiable 
to accept the figures in Table I under the heading of “ Genetically significant 
dose” as indicative of the degree of genetic damage that might occur from 
each of the different sources of radioactivity mentioned. Whether or not 
the figures under the heading “ Per capita mean marrow dose” are accepted 
as indicating the degree of risk in respect of the induction of leukaemia or 
bone tumours depends upon the view taken with regard to the existence of 
a threshold dose of radiation below which no such induction takes place. 
If no threshold exists then these estimates of exposure indicate the risk 
involved. If, on the other hand, a threshold does exist, then no risk would 
occur until the exposure exceeded its value. In the present state of knowledge 
itis not possible to decide between these alternatives. 


45. In Table II are given the United Nations Committee’s estimates of 
the possible annual incidence of casualties in the world population which 
might develop as a consequence of radiation from fall-out. In making these 
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calculations they have accepted the view that there is no threshold dose for 
genetic changes but, being unable to decide whether a threshold dose exists 
for somatic changes such as leukaemia, they give estimates based on both 
the alternative views. 











46. It will be noted that the United Nations Committee consider that only 
a fraction of the naturally occurring genetic defects, or cases of leukaemia or 
bone tumour, could be due to radiation from the natural background. We 
agree with this view and accept that the estimates of the fractions so caused 
are reasonable according to present information. The ratio between the 
number of cases estimated to be due to natural radiation and the estimated 
number of those that may be caused by fall-out gives a measure of the relative 
importance of these two sources of radiation exposure in causing the particular 
genetic and somatic effects. 





















47. When we reported in 1956 we did not consider that the state of 
knowledge at that time justified our attempting to estimate the numbers of 
persons who might be affected by radiation from any source. Since then more 
knowledge has become available on the relation between large doses of 
radiation and the incidence of leukaemia. Nevertheless we would still 
hesitate to make estimates of the numbers in a population who might b 
affected. On the other hand, we appreciate that many such estimates have 
been made and that the United Nations Scientific Committee could not ignore 
them. In these circumstances it was inevitable that they should attempt to 
make their own estimates, although, in so doing, they were very conscious of 
the many uncertainties and unproved assumptions that were involved 
{Annexes D and G]. After careful consideration of the estimates given in 
Table II, it is our opinion that the concepts on which these are based are 
not unreasonable, and we think that any other equally well-informed body of 
scientists would be unlikely to make estimates which fall outside the limits 
given. 















48. In conclusion we would emphasise again our respect for the achieve- 
ment of the United Nations Scientific Committee in producing this Report. 
Our task having been to comment on their Report, we have necessarily tended 
to pay more attention to points of difference than to points of agreement. 
This should not, however, obscure the fact that we are in no disagreement 
with them on any major piece of information or concept. When we do differ 
we do so only on questions of emphasis and the choice of the most probable 
values within the wide latitude of possibilities that are left open to us by the 
insufficiency of our knowledge in this field. 














Signed on behalf of the Committee, 





H. P. Himswortu, Chairman. 
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ANNEXE I 









> for 
Xists TABLE I. ESTIMATED DOSE FROM DIFFERENT RADIOACTIVE SOURCES 
both (Computed from world-wide averages) 


only Genetically significant dose Per capita mean marrow dose 
ia or Maximum for any Maximum for any 
We Source 30-year period (rem)p"** 70-year period (rem)p'"* 


















- Natural sources ; _ 3 7 
Man-made sources (except 

rated environmental contami- 

ative nation and occupational 

cular exposure)# il lad 0-5-5 Ranges beyond 7 
Occupational exposure? ... Less than 0-06 0-1-0-2 

























































te of Estimates for Estimates for 
Ts of countries countries 
more Environmental deriving most deriving most 
es of contamination of dietary of dietary 
still (hypothetical cases)*, 4 calcium from calcium from 
ht be milke rice® 
have Weapon tests cease at end 
gnore of 1958 : 0-010 0-16 0-96 
ipt to Assump- Assump- Assump- Assump- Assump- Assump- 
yus of tiona’ tion bf tiona® tion bf tiona’ tion bf 
olved — 
en in | Weapon tests continue until 
d are equilibrium is reached in 
dy of about a hundred years®... 0-060 0-12 1-3 2:8 7°5 17 
Limits Estimated percentages of the maximum doses for 
continued weapon tests 

hieve- 
eport. Assump- Assump- Assump- Assump- 
oni tion af tion bf tion af tion bf 
‘ment. | Weapon tests cease 
ement 1958 eg nad 17 9 13 6 
‘differ 1968 no 64 OF ‘nokta 42 33 24 16 
ybable 1978 si cad es 64 56 34 26 
by the 1988 ae “> i. 79 67 42 35 

Weapon tests continue... 100 100 100 100 

4 For countries having an extensive use of the radiation sources listed and reporting data 

nail to the Committee. 


> Doses for certain technologically highly developed countries only. 

oe from population weighted world-wide average of stratospheric fall-out rate 
and deposit. 

4 Regional values may differ by a factor of about 4 to 2 from the estimated population 
weighted world-wide average values because of the latitudinal variation of fall-out rate and 
deposit. In some areas of the world the a fall-out may tend to raise the upper 
limit of this range, especially in the vicinity of test sites. 

© The extent to which these estimates apply to populations of different dietary habits and 
to those living in areas of differing soil conditions is discussed in paragraph 69 of chapter III. 

f Assumption a is that the injection rate is such as to maintain a constant fall-out rate of 
strontium-90 and caesium-—137, whereas assumption 6 is that weapon tests equivalent in 
release and stratospheric injection of fission products to the whole sequence of weapon tests 
from the beginning of 1954 to the end of 1958 will be repeated at constant rate. This second 
assumption will give an equilibrium value for the fall-out rate and deposit approximately a 
factor of 2 higher than that calculated by using the first assumption. 

8 The values for the 30-year doses have been corrected for tropospheric fall-out in accordance 
with paragraph 57 of chapter III, using a value of 0-5 mrem/year for the period of testing. 
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ANNEXE Il 


TABLE II. ESTIMATES OF CERTAIN POSSIBLE ANNUAL CONSEQUENCES OF RADIATION 
RECEIVED BY WORLD POPULATION FROM CERTAIN SOURCES 


a 


Source of radiation 





Fall-out from weapon tests 
World Natural 








population occurrence Tests In 
Consequence assumed assumed Natural stopping equilibrium 
(in millions) per year radiation in 1958 after 
prolonged 
continuation 
of tests 
oe 000 50,000 15,000 400 to 2,000 
3, I ’ ’ to 2, a — 
. 60,000 
3,000 150,000 0 oc — 
Major Genetic Defects¢ 5,000 700,000 to 25,000 to f 500 to 
3,000,000 1,000,000 40,000 





® Maximum rate during peak period. An estimated total of less than 25,000 to 150,00 
would ultimately occur. 

b Unless individual bone marrow dose exceeds mean value by a factor of 60. 

© Unless individual bone marrow dose exceeds mean value by a factor of 80 to 500. 

4 Unless individual bone marrow dose exceeds mean value by a factor of 5 to 60. 


© Conditions which are at least a serious handicap to those affected, as listed in table XI 
of annex H. 


f A total of 2,500 to 100,000 would occur over subsequent years. 

Nortes.—The methods of estimating incidences of leukemia and major genetic defects are 
described in annex D, paras. 127 to 130. 

The quantitative evaluation of an increase in incidence of primary bone tumour attributable 
to radiation presents great difficulties. If it were assumed that 5 to 10 cases per million 
normally occurred per year, and that 10 per cent. of these were induced by natural radiation 
the following figures could be calculated from the 70-year osteocyte doses if a non-threshold 
hypothesis were assumed: 


For tests stopping in 1958 and world population 3,000 million, 70 to 900 per year (as the 
maximum rate). 


In equilibrium after prolonged continuation of tests and world population 5,000 million, 
1,000 to 25,000 per year (as the continuing rate). 

If a threshold of 400 rem were assumed, the incidences would be zero unless individual 
osteocyte doses exceeded the mean value by a factor of 80 to 500 in the case of tests stopping 
in 1958 and by a factor of 5 to 60 in equilibrium after prolonged continuation of tests. 
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APPENDIX I 


ANNOUNCED NUCLEAR DETONATIONS 


United States 
United Kingdom 
Union of Soviet Socialist Republics 


Compiled 
by 
Kosta Telegadas 


Special Projects Section 
Office of Meteorological Research 
U. S. Weather Bureau 
Washington, D. C. 
November, 1959 
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ANNOUNCED NUCLEAR DETONATIONS 


United States 
United Kingdom 
Union of Soviet Socialist Republics 


The following list of nuclear detonations has been compiled principally 
from press releases of the United States Atomic Energy Commission Public 
Information Service. However, reports in government publications and by 
government officials as to the size, type, cloud height, etc., of various 
explosions have been included when available. Press or unofficial estimates 
have not been included. A list of the references used is appended. 


The AEC has pointed out that this country does not disclose all of the 
USSR shots of which it has knowledge but limits itself to statements about 
explosions of special interest. The actual number of Soviet detonations is, 
therefore, higher than those announced. Similarly, not all of the detonations 
by this country have been announced. The United Kingdom detonations are under- 
stood to be the total number made by that country. 


The original language in the various sources was used in most cases when 
pertaining to the type, yield, etc., of a particular detonation. 


Explanation of Table: 

l. No. -<--<--- the number of the announced detonation for a given series. 
the local date. 
the local time of the detonation. 


the unclassified code name given by the U. S. to an 
individual detonation 


the type of delivery or placement of the device. 


the total effective energy released in a miclear 
explosion or to the type of nuclear weapon which was 
detonated. The following is a list of the nomenclature 
used and its meaning. 


Fission -- nuclear weapon utilizing fission energy only. 


Hydrogen -- ) a device in which part of the explosion 

Thermonuclear -- ( energy results from the thermomuclear fusion 
reaction. The high temperatures required are 
obtained by means of a fission reaction. 


Kiloton (KT)-- the energy of a mclear explosion which is equivalent 
to that produced by the explosion of one kiloton 
(i.e., 1,000 tons) of TNT. 


1 
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Megaton (MT) - the energy of a nuclear explosion which is equivalent 
to 1,000,000 tons (or 1,000 kilotons) of TNT. 


Nominal - an atomic weapon with an energy release equivalent to 
20 kilotons (i.e., 206,000 tons) of TNT. 


Where actual figures are shown, these are the approximate yieldsas 
given by the AEC. 


the top of the nuclear cloud, given as the 
height above mean sea level (MSL) in feet. The 
Nevada Test Site is approximately 4,000 ft. above 
sea level. 


8. Location the place where a particular detonation occurred. 


Listed below are the approximate latitudes and longitudes of the various test 
sites: 


U. S. 


Nevada Test Site (NTS), U.S.A.------------------- 31°N 
Eniwetok Proving Ground (EPG), Pacific 


U. K. 

Monte Bello Islands Australia ---------------- -- 
Woomera, Australia 

Maralinga Proving Ground, Australia------------ oo 
Christmas Island, Pacific 


U.S.S.R. 


Arctic Test Site 75°N 55°E(Novaya Zeml; 


Siberian Test Site Located in Southwest 
Siberia, north of India. 
Afghanistan, and Pakist: 
and west of China. 


denotes the explosion 
was in Soviet territory. 
the test site was not 
given. 
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9. Remarks ------ Other pertinent information. In several cases, 
the AEC press release for Soviet detonations was in the form of a 
statement on a particular date by a U. S. official which does not 
necessarily mean that the detonation occurred on that date. 


Safety experiments were conducted from time to time at the Nevada Test 
Site to determine the nuclear safety of weapons in case of accident. As of 
October 30, 1958, 32 such experiments were held in Nevada. Of these, it has 
been confirmed that 17 resulted in very low, but measurable nuclear yield. 
A safety experiment which resulted in very low, but measurable, nuclear yield 
has been included as a nuclear detonation and therefore, the number of U. S. 
detonations presented here will be higher than that officially released by 
the Atomic Energy Commission. 


li 


1 
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SUMMARY OF U. S. NUCLEAR DETONATIONS 


Trinity Site, New Mexico 
Japan 
Crossroads, Bikini Atoll 
Sandstone; Eniwetok Proving Grounds 
Ranger, Nevada Test Site. 
Greenhouse, Eniwetok, P.G. 
Buster-Jangle, Nevada T.S. 
Tumbler-Snapper, Nevada T.S. 
Ivy, Enivetok P.G. 
Upshot-Knothole, Nevada T.S. 
Castle, Eniwetok P.G. 
Teapot, Nevada T.S. 
May Wigwam, Pacific Ocean 
Jan Safety, Nevada T.S. 
May-July Redwing, Eniwetok P.G. 
Plumbbob, Nevada T.S. 
Dec Safety, Nevada T.S. 
Apr-Aug Hardtack, Eniwetok P.G. 117 
Sept-Oct Hardtack Phase II, Nevada T.S. 148 
Aug-Sept Argus, South Atlantic 3 151 


13 


17 
a4 
32 
Hs 


45 
51 
65 
66 
67 
73 
99 


hr Fa RP wore uur 


ee 0 


w 
on 


* 


¥ 


* 
Safety Experiments at the Nevada Test Site which resulted in very low, but 
measurable, muclear yield are included. 


ae 
Additional detonations occurred in the Redwing and Hardtack Test Series which 
have not been announced. 


SUMMARY OF U. K. NUCLEAR DETONATIONS 
1952 Oct Hurricane, Monte Bello Islands Aus. 


1953 Oct Totem, Woomera, Australia 
1956 May-June Mosaic, Monte Bello Islands 


Buffalo, Maralinga Proving Grounds 
South Australia 


Grapple, Christmas Island, Pacific be 
Antler, Maralinga, P.G.,S. Australia 
Grapple, Christmas Island, Pacific 
Grapple, Christmas Island, Pacific 


42165 O—59—vol. 3——36 
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SUMMARY OF USSR NUCLEAR DETONATIONS 
Number Cumlative 


1949 September i 1 
1951 October e 3 
1953 August 2* 5 
1954 October 6 
1955 Aug-Nov 4* 10 
1956 Mar-April f 12 

Aug-Nov 5* 17 
1957 Jan-Apr t 2k 

Aug-Dec 6 30 
1958 Feb-Mar 9 39 

Sept-Nov 16 55 


* announced by U. S. as being part of a series 
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STATEMENT OF THE NATIONAL ACADEMY OF SCIENCES COMMITTEE ON THE METE- 
OROLOGICAL ASPECTS OF THE EFFECTS OF ATOMIC RADIATION 


The following statement was unanimously agreed upon by the National Acad- 
emy of Sciences Committee on the Meteorological Aspects of the Effects of Atom- 
ic Radiation: 

The bulk of the long-lived radioactive debris which has contributed to global 
fallout comes from high yield explosions which have injected radioactive ma- 
terial into the stratosphere. The evidence available today indicates that this 
stratospheric debris is neither uniformly distributed in the stratosphere nor 
uniformly deposited on the ground. Based on data collected mostly over land 
areas, global fallout remote from test sites has been observed to be larger in 
the Northern Hemisphere than the Southern Hemisphere and larger in the middle 
latitude of the Northern Hemisphere than in the tropical or polar regions and 
to have been less in arid regions. Although part of the peak in the middle 
latitude of the Northern Hemisphere is due to the locations of the test sites, 
there is evidence that the fine Sr” particles injected into the tropical strato- 
agreement within a factor of two or less. 

Radioactive material injected into the stratosphere at temperate and polar 
latitudes return to the earth at middle latitudes of the same hemisphere with 
greater speed and with higher concentration than is the case with the same 
amount of material injected into the tropical stratosphere. There is a sea- 
sonal effect in the deposition from the stratosphere with a maximum in the 
spring season. 

Various methods exist for estimating the stratospheric inventory of radioac- 
tive debris. These estimates, derived from independent approaches, are in 
agreement within a factor or two or less. 
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APPENDIX J 
CLASSIFICATION AND DECLASSIFICATION 


CONGRESS OF THE UNITED STATES, 
JoInTtT COMMITTEE ON ATOMIC ENERGY, 
Washington, D.C., April 8, 1959. 
Mr. A. R. LUEDECKE, 
General Manager, U.S. Atomic Energy Commission, 
Washington, D.C. 


Dear Mr. Luepecke: In connection with the Special Subcommittee on Radia- 
tion’s hearings to be held beginning May 5, Mr. Holifield has requested that the 
Commission, as soon as practicable, provide us with information on the classifica- 
tion status of reports which the 1957 hearings indicated were classified. 

Thus, beginning on page 29 of the committee print there is a list of weapons 
tests reports (AEC restricted data) which have been furnished to the FCDA. 
Many of these reports seem to bear titles indicative that they may be biological 
and medical reports rather than straight weapons reports. It would be appre 
ciated if you would provide us with information as to what is the current status 
of the classification of these reports. 

It is my understanding that Mr. Holifield raised the question of the classifica- 
tion of these reports in a FCDA hearing a couple of years ago and that Dr. 
Dunham indicated that the reports were under review. Specifically, would you 
indicate how many of the following reports have been declassified : 

WT 6, 8, 9, 12, 15, 16, 22, 27, 48, 68, 70, 89, 311, 312, 315, 316, 356, 362, 
372, 407, 425, 509, 527, 531, 548, 544, 558, 614, 616, 615, 731, 737, 744, 746, 775, 778, 
790, 793, 794, 811, and ITR-913, 916, and 915. 

It would also be appreciated if you would review similar reports for the period 
1954 to the present to ascertain whether all data on the biological and medical 
aspects of fallout and weapons effects have been declassified. 

Sincerely yours, 
JAMEs T. Ramey, Ezvecutive Director. 


U.S. Atomic ENercy ComMMISSION, 


Washington D.C., May 1, 1959. 
Mr. James T. RAMEY, 


Evecutive Director, 
Joint Committee on Atomic Energy, 
Congress of the United States. 


DEAR Mr. Ramey: I refer to your letter dated April 8, 1959, in which you 
inquired about the present classification status of a number of weapons tests 
reports. 

The following reports have been declassified : 

WT 6, 12, 15, 16, 22, 70, 311, 312, 315, 316, 356, 362, 372, 407, 425, 509, 527, 531, 543, 
544, 615, 616, 737, 746, 775, 778, 790, 793, 794 and 811. 

Reports WT 8, 9, 27, 43, 63, 89, 558, 614, 731, 744, 913, and ITR 915 and 916 
cannot be declassified as written under the current rules used jointly by the 
Atomic Energy Commission and the Department of Defense. However, these 
reports are now being concurrently reviewed for possible declassification with 
deletions. We shall advise you of the classification status of these reports after 
the necessary reviews are completed. 

Sincerely yours, 


A. R. LuepecKe, General Manager. 


No. 210 
From the office of the Joint Committee on Atomic Energy. March 19, 1959 


For immediate release 


Senator Clinton P. Anderson, Democrat of New Mexico, chairman of the Joint 
Committee on Atomic Energy, made the following statement answering inquiries 
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as to the public release by the Department of Defense of classified information 
concerning high altitude nuclear weapons tests in the South Atlantic last 
September : 

“I am not pleased by the way the ARGUS story (the high altitude shots 
in the South Atlantic) was turned loose. The Joint Committee was briefed 
about this last January and many members raised the question as to why it 
could not be released then. The Department of Defense gave us reasons for 
keeping it classified “Secret” and we accepted its reasoning. 

“Now it is out in the open and I therefore feel free to release a letter Mr. 
Durham and I have today sent to General Loper. Obviously, there were lengthy 
preparation for releasing this story. But the Joint Committee on Atomic 
Energy, which protected the secret label, did not hear officially that it was re 
leased until after 10 o’clock this morning. That strikes me as a poor example 
of cooperation. Our letter speaks for itself. 

“It is curious that at the same time the Department of Defense was leaking 
this secret information, it was gagging the Joint Committee on an unclassified 
but most important bit of information on fallout. I believe the public interest 
requires that a certain Defense letter to the Joint Committee on Atomic Energy 
on fallout be made public at once.” 


[Attachment] 


CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIC ENERGY, 
March 19, 1959. 
Hon. HERBERT B. LOPER, 
Assistant to the Secretary of Defense for Atomic Energy, Department of 
Defense, the Pentagon, Washington, D.C. 


DEAR GENERAL LoOpeR: On the morning of March 19, 1959, headlines in the 
Washington Post newspaper announced that the “U.S. Reveals High Altitude 
A-Tests; Possibility of Anti-Missile Shield Seen.” An accompanying front-page 
story with dateline March 18, New York, discussed the high altitude nuclear 
tests conducted last September by the United States and identified Dr. Frank H. 
Shelton, Technical Director of the Armed Forces Special Weapons Project, as 
the person releasing the information. 

On January 13 and 19, 1959, you were present in an executive session meeting 
of the Joint Committee on Atomic Energy at which Dr. Shelton and other rep- 
resentatives of the Armed Forces special weapons project discussed these tests, 
the existence of which were considered classified information. During your 
testimony on January 19, you mentioned that consideration was being given to a 
public release of the fact that the tests were conducted and their purpose. You 
informed the committee that if a decision was made to release the information, 
you would “certainly advise the committee to that effect.’’ Despite your assur- 
ance, the Joint Committee was not informed prior to the release. 

I would appreciate it if you would advise me concerning the circumstances 
leading to the release of this previously secret information, when it was de 
classified and by whom, and the reasons for the manner in which it was re 
leased. I would also desire to know why the Joint Committee was not notified 
in advance of the release. 

Sincerely yours, 
CLINTON P. ANDERSON, 
Chairman. 
CaRL T. DURHAM, 
Vice Chairman. 


No. 211 
For release to a.m.’s of March 22, 1959 
From the office of the Joint Committee on Atomic Energy. 


Recent classified correspondence by the Defense Department and the Atomic 
Energy Commission revealing new fallout data was made public today in un- 
classified form by Senator Clinton P. Anderson, chairman of the Joint Con- 
gressional Committee on Atomic Energy, together with the following statement: 

“In commenting the other day on the Defense Department leak of classified 
information on the ARGUS shots (high altitude shots in the South Atlantic in 
September 1958) I pointed out that it was curious that the Defense Department 
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at the same time was gagging the Joint Committee on making public some 
important data on fallout from weapons tests. 

“The Defense Department and the AEC have now released their fallout cor- 
respondence with classified deletions, and it is made public in the attachments. 
First is a letter to me, dated February 19, 1959, by the Defense Department, 
revealing new data from classified sources on the residence time of fallout in the 
stratosphere, and the areas of maximum drip-out. Next is a letter from the 
AEC spokesman, Dr. W. F. Libby, commenting on the Defense Department letter 
and research project on which it was based. Then there is a transmittal letter 
from AEC stating their official reservations. Finally, there is a brief chronology 
of our attempts to make this information public. 

“The process of making public the ARGUS and fallout information is an ex- 
ample of how difficult it is to make available to the public the information it is 
entitled to have. 

“The February 19 Defense Department letter states that their measurements 
indicate that the radioactivity in the stratosphere has a residence of half life 
of 2 years instead of 7 years as had previously been assumed by AEC. It also 
indicates that there is a latitude band of maximum drip-out of the fallout from 
the stratosphere which occurs from 35° to 50° north or south. This area includes 
the northern part of the United States, and the letter states that ‘the concen- 
tration of strontium 90 on the surface of the earth is greater in the United States 
than in any other area in the world.’ ” 

“In layman’s language,” Senator Anderson stated, “it looks like strontium 90 
isn’t staying up in there as long as AKC told us it would, and the fallout is 
greatest on the United States. Perhaps this information may account, in part, 
for the recent higher readings of radioactivity in soils and plants. 

“This new data appears to further contradict the official doctrine of AEC 
spokesmen as to residence time of fallout in the stratosphere and the theory that 
stratospheric fallout tends to drip out uniformly throughout the earth. The 
AEC letter of February 27, 1959, ought to be checked for consistency with the 
speech of the same AEC spokesman on March 13, 1959, at Seattle. 

“The Joint Committee will look into these matters when it holds its fallout 
hearings in May of this year under the chairmanship of Congressman Chet 
Holifield of the Special Subcommittee on Radiation.” 


[Attachment No. 1] 


OFFICE OF THE SECRETARY OF DEFENSE, 
Washington, D.C., February 19, 1959. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy. 


Dear Mr. CHAIRMAN: The following is a brief status report outlining the 
present programs for analyzing and evaluating the radiation hazards resulting 
from atomic detonations. 

Fallout reports from Operation Redwing (1956), Plumbbob (1957), and 
Hardtack (1958) are currently under preparation. 

The hazards of local contamination from nuclear weapon detonations have 
been fairly well delineated. However, the difficulty in accurately predicting the 
rapidly varying atmospheric condition results in uncertainties as to the area of 
fallout. Predictions of local fallout contours from enemy bombs must be based 
on a large number of assumptions such as the type of weapon, height of burst, 
and yield. These unknowns do not allow accurate prediction of fallout from 
enemy bursts during wartime. Delineation of contaminated areas by airborne 
radiac instruments after deposition of the fallout is presently practicable and 
will be of considerable military and civil value during wartime. 

The deposition of worldwide fallout or worldwide surface contamination is 
now beginning to be accurately measured. [Classified portion deleted.] Recent 
indications are that the radioactivity in the stratosphere has a residence half 
life, of 2 years (in contrast to the previously assumed value of about 7 years) 
and the present amount of Sr” in the stratosphere would be maintained by the 
injection of about 6 megatons of fission products per year. The concentration 
of the Sr* on the surface of the earth is greater in the United States than in 
eek ont, oF the ae The danger of carbon“ and cesium™ has been 
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The risk of damage resulting from the testing of weapons is therefore ex- 
tremely small and much less than other common-day occurrences such as X-rays, 
automobiles, chemical contaminants, household cleaners, etc. However, the 
probable casualties attributable to radioisotopes from weapons testing, when 
summed over the populations of thousands of years, create a moral issue that 
could be of considerable propaganda importance. 

The distribution of the radioactive debris in the stratosphere as a result of 
detonations to date is not clearly defined as to its altitude and latitude variation. 
The altitude dependence partially determines the drip-out rate and the latitude 
dependence influences the extent to which the worldwide fallout is uniform over 
the earth. Tentative conclusions to date indicate that three-tenths of the quan- 
tity of radioactive debris leaves the stratosphere each year, that the north-south 
diffusion of radioactive particles in the stratosphere does exist, and that in both 
hemispheres, there is a latitude band of maximum drip out which is from 35° 
to 50° north or south. 

There is a need for more experimental and collecting programs in the follow- 
ing areas of the effects and behavior of fallout from nuclear weapons: 

(a) Amount of fallout deposited locally from a low height of burst. 

(b) More accurate determination of the drip-out rate of radioactive particles 
from the stratosphere. 


(c) Further define the estimate of the amount of radioactivity formed per KT 
of fission yield. 


(d) The refinement of measuring techniques to account for all radioactivity 
produced from a nuclear yield. 


(e) Advancements in the knowledge of fireball chemistry, physics, and parti- 
cle behavior. 


(f) Response of biological systems to radiation. 
Sincerely yours, 


HERBERT B. LOPER, 
Assistant to the Secretary of Defense (Atomic Energy). 


[Attachment No. 2] 


FEBRUARY 27, 1959. 
Hon. HERBERT B. Loper, 


Chairman, Military Liaison Committee. 


DEAR GENERAL Loper: In connection with your letter to Senator Anderson of 
February 19, 1959, concerning radiation hazards resulting from atomic detona- 
tions, I have just completed a study of data which you kindly made available to 
us last December. I am sorry that, because of the complexity of the problem 
and my preoccupation with other duties, I have been so slow in finishing my 
consideration of the data and in sending on my comments. 

I think your letter to Senator Anderson is an excellent exposition of the pres- 
ent position we are in. There are, however, one or two points you make on 
which I believe further words are necessary in order to resolve some questions. 

The extensive data that have already been published by Project Sunshine and 
the United Kingdom study group, together with your beautiful work, still leave 
us, despite their great volume and complexity, in some uncertainty, as you say, 
as to the distribution of the radioactive debris in the stratosphere to both alti- 
tude and latitude variation. Since the altitude variation determines in part the 
drip-out rate and thus the residence half life in the stratosphere, this quantity 
is left in some doubt. My own present conclusion is in agreement with yours 
as stated in your letter, in that my previous value of 7 years for this important 
number is too long and that it should be reduced. In a restudy of this ques- 
tion, being released March 13 in Seattle, a copy of which will be sent you as soon 
as it is printed, a new value of about 4 years rather than the earlier 7 is arrived 
at. I find it difficult to push it down to the 2 years you give as an indicative 
value. 

On the amount of strontium 90 in the stratosphere, at the present time there is 
a somewhat larger difference in our estimates which may be due to your not 
having included the Russian series of last October which in itself alone, ac- 
cording to my estimates, increased the stratospheric inventory by about 50 
percent. You give the present inventory as requiring 6 MT (megatons fission 
equivalent) per year to be maintained at its present level. For a half life of 2 
years this corresponds to only 17 MT total and appears to leave too little room 
for the injections from tests before last October, which I estimate still have left 
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some 25 to 30 MT in the stratosphere for a total at present of about 42 MT and 
a corresponding required rate of injection for steady maintenance of about 7 MT 
per year. The closeness of this figure to your 6 MT per year number shows how 
badly we need further information on the actual stratospheric content. 

You indicate that the stratospheric fallout occurs at maximum rates in the 
30° to 50° bands of latitude in both hemispheres. This old argument still is not 
quite settled, I believe, although the evidence in favor of your conclusion is 
increasing. My principal difficulties with it at the moment are that we know 
that a considerable part of the peak in observed fallout in these latitudes in the 
Northern Hemisphere is due to tropospheric or local fallout which was never 
in the stratosphere and the evidence for a corresponding peak in the Southern 
Hemisphere seems to be rather weak. 

With respect to the carbon 14 and cesium 137 hazards, the laboratories meas- 
uring radioactive rates in various parts of this country, in Europe and New 
Zealand have sent me data on the present increase in the carbon 14 content of 
living matter which amounts to about 10 percent of the natural level of carbon 
14 from the cosmic rays which in itself corresponds to about 1.5 milliroentgen 
per year—about 1.5 percent of the average total natural dose rate. Turning 
to cesium 137, Dr. E. C. Anderson in the Health Division at our Los Alamos 
Laboratory has just reported data on the human level in the United States 
and Europe for the late summer and early fall of last year which amount to an 
average of about 75 micromicrocuries per gram of body potassium for an 
internal dose rate of about 3 milliroentgens per year. The total cesium 137 
fallout in the United States now amounts to about 50 millicuries per square 
mile. This adds about 1 mr/yr of external dose for a total of about 4 mr/yr 
due to cesium 137 which is about 3 percent of the natural average radiation dose 
rate from natural radioactivity and the cosmic rays. I can’t tell whether these 
numbers are in strict keeping with your estimate that the immediate probability 
of any one individual being affected by bomb test carbon 14 and cesium 137 is 
about 1 in 500,000 but I think your estimate looks reasonable. 

On the many other points in your letter I find myself in complete agreement, 
particularly about the importance of more experimental and collecting programs 
on the amount of fallout deposited locally from a low height of burst. Since 
it may be that we will not again have the opportunity to test devices, at least 
above ground, it is particularly important to consider whether we may not collect 
more information on this point from past tests. I believe there are some pos- 
sibilities of doing this and I suggest that we undertake such a program jointly 
right away. 

Sincerely yours, 
W. F. Lipsy, Commissioner. 

Distribution : 

1. Hon. Clinton P. Anderson. 
2. Rear Adm. Edward N. Parker. 
3. Dr. Frank Shelton. 

Dr. Lester Machta. 

Mr. John A. McCone. 

Mr. Harold 8. Vance. 

Mr. John F. Floberg. 

Mr. John S. Graham. 

9. Gen. A. R. Luedecke. 

10. Gen. A. D. Starbird. 

11. Dr. Charles Dunham. 


ODO A OT 


[Attachment No. 3] 


Copy or LETTER TO THE JornT COMMITTEE, RECEIVED MARCH 21, 1959, From 
THE AEC 


This is in reply to your letter of March 9, 1959, by which you forwarded a 
copy of General Loper’s letter to Senator Anderson dated February 19, 1959, and 
requested our comments thereon. 

Commissioner W. F. Libby has written his comments to General Loper in a 
letter dated February 27, a copy of which was sent to Senator Anderson at that 
time. For your convenience another copy of Dr. Libby’s letter is attached. 

The revised estimates of stratospheric burden and the residence time pre- 
sented by General Loper are consistent both with the data referred to by General 
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Loper and with the “Ashcan” data obtained by the Atomic Energy Commission 
in its balloon sampling up to 90,000 feet. However, it should be kept in mind 
that knowledge of the stratospheric content alone is not sufficient to determine 
retention time. In addition one needs the knowledge of either the stratospheric 
injection or of total stratospheric fallout as a function of time. Within the 
range of accuracy with which fallout has been measured, observed fallout to date 
is not incompatible with General Loper’s estimate of the injection rate which 
would be required to maintain the present stratospheric burden. 

The two main reasons for the uncertainty in the stratospheric burden and 
residence time are (1) that the entire stratosphere has not been adequately 
surveyed from pole to pole and up to altitudes beyond which the overlying radio- 
active debris can be confidently neglected and (2) that the data obtained at the 
higher altitudes by balloon only are subject to sizable sampling errors, uncer- 
tainties of collection efficiency of the sampling filters, and radiochemical analysis 
errors due to the small amounts collected. 

As a consequence of these uncertainties we do not consider that the data now 
available are sufficiently decisive to resolve the differences between the estimates 
of stratospheric content and retention time made by General Loper and the 
higher estimates given by Dr. Libby in his letter to General Loper. It may be 
observed that on the basis of the estimates made by General Loper the total 
worldwide fallout of long-lived radioactive fission products anticipated from all 
tests up to date would be roughly two times the total deposition so far and that 
on the basis of Dr. Libby’s estimate the total would be roughly three times. 

We concur with General Loper in recognizing the need for further investiga- 
tions along the lines suggested in his letter. We plan to continue our efforts in 
all these fields. In particular, we hope to be able to differentiate Operation 
Hardtack surface-burst debris and high-altitude debris, by analysis of tungsten 
and rhodium isotopes, respectively, and, in turn, to distinguish these from the 
recent U.S.S.R. debris. In this way it should be possible to obtain a much better 
picture of the actual patterns and rates of spread of stratospheric debris originat- 
ing in different latitudes and altitudes. 

The information bracketed in red on the first page of the attached copy of Dr. 
Libby’s letter of February 27, 1959, is considered by the originating agencies to 
be confidential defense information. With these deletions Dr. Libby’s letter is 
declassified. 

Sincerely yours, 
A. R. LUEDECKE, General Manager. 


{Attachment No. 4] 


BriEF CHRONOLOGY OF ACTION BY JOINT COMMITTEE ON ATOMIC ENERGY To MAKE 
PuBLIC DEFENSE DEPARTMENT REPORT ON FALLOUT 


December 1958: Dr. Libby furnished new data by Defense Department in- 
dicating that the radioactivity in the stratosphere has a residence half life 
of 2 years instead of previously assumed value of 7 years. 

February 20, 1959: Joint Committee received fallout report by the Depart- 
ment of Defense dated February 19, 1959, classified “‘confidential—restricted 
data.” 

February 27, 1959: Confidential letter sent to Defense Department by Dr. 
Libby with copy to Joint Committee chairman in which Dr. Libby arrived at new 
value of 4 years instead of previous 7 years. 

March 9, 1959: Joint Committee by letter this date to the Defense Department 
questioned the reasons for the confidential classification of the report and 
inquired as to what extent the information could be discussed in public without 
compromising classified information. 

A separate letter this date was also sent to the AEC requesting the Commis- 
sion’s views on the report and to what extent the conclusions affected previous 
assumptions and statements. 

March 13, 1959: Restudy by AEC of worldwide stratospheric fallout released 
by Seattle, Wash., in which no mention of Defense Department study is made 
and which maintains position of a residence time of 5 to 10 years, selecting 6 
years as the mean residence time of stratospheric fallout. Results of another 
AEC analysis Project Ash Can which indicated a residence time of 3 years was 
discounted as being doubtful. No mention was made that the Department 
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of Defense conclusions of residence half life of 2 years tended to support re- 
sults of Project Ash Can. 

March 18, 1959: By letter, the Defense Department advised the Joint Com- 
mittee that only one sentence in the report contained classified information and 
after identifying it went on to state: “Although the remainder of the letter is 
unclassified, the Department recommends that it not be discussed in public 
because there is not full agreement as to the interpretation of the data that 
has been obtained so far. We believe it would be far better before the data 
and conclusions are made public that there be a close agreement amongst the 
investigators concerned. Therefore, we believe that until the results are more 
than preliminary, the confidential classification should remain on the letter.” 

March 20, 1959: Letter received by Joint Committee from the Defense Depart- 
ment advising the report could be made public with deletion of the one 
classified sentence. 

March 21, 1959: Letter received from AEC stating what portion of Dr. Libby’s 
confidential letter of February 27, 1959, to the Department of Defense does not 
contain classified information. 

Letter and report released by Joint Committee after deletion of classified 
information. 








APPENDIX K 
Fau.Lour RESEARCH AND ORGANIZATION 


STATEMENT BY JOHN A. McCoNnr, CHAIRMAN, ATOMIC ENERGY COMMISSION, 
BEFORE JOINT COMMITTEE ON ATOMIC ENERGY MARCH 24, 1959 


As I have said to this committee and publicly on a number of occasions, radio- 
active fallout is a matter of greatest importance to me and to my fellow Com- 
missioners. We do not take this question lightly; we have not dismissed it as 
unimportant to the people of this country and, indeed, the world. 

I wish to make three points: 

1. In this fiseal year, the Atomic Energy Commission will spend $18 million 
in research on problems associated with radiation standards and protection. 
In addition, $2.5 million for sampling and analysis for national and worldwide 
fallout studies, plus $450,000 for fellowships for training in health physics, in- 
dustrial hygiene, and so forth. In fiscal year 1960 the figures for radiation 
standards and protection increase to $20 million, and these funds are provided 
out of a $50 million budget for biomedical research. Since 1946 when AEC was 
established we have spent approximately $125 million on the biomedical radia- 
tion research. 

The equivalent of 800 scientists are engaged in this work, backed by 800 to 1,000 
laboratory technicians. Work is carried on at Brookhaven, Argonne, Oak Ridge, 
University of California, Radiation Laboratory at Berkeley, and through con- 
tract with 204 universities and 19 industrial corporations. 

Arrangements for sampling and other fallout information exist between the 
AEC and the Weather Bureau, Department of Agriculture, Public Health Service, 
and the Food and Drug Administration. 

Active sampling programs are being conducted in a number of other countries 
with whom we exchange information. These countries are widely dispersed over 
the world and include, for example, Japan, New Zealand, Norway, Bngland, 
and Brazil. 

A gummed paper sampling program is being conducted at 100 stations in 37 
different countries. We have also 64 soil sampling stations in foreign countries 
and 17 in the United States from soil samples which are regularly collected. 

In the performance of our work we have sampled air at altitudes up to 90,000 
feet at four locations throughout the world. This is done by sending devices up 
in balloons or planes equipped to sample air up to high altitudes and then re- 
covering the devices and analyzing the results. This work has been going on for 
3 years. In addition, we have various means for sampling the fallout by re 
covering the debris which comes out of the atmosphere and analyzing it, and 
none of this work is classified. 

No Atomic Energy Commission information relating to the radioactive con- 
tent of the atmosphere and the amount of fallout has been withheld from the 
public or from the United Nations. We have given out the estimated and as- 
sumed theoretical fission product distribution worldwide from all tests con- 
ducted by the United States, U.S.S.R., and United Kingdom. 

All significant information known to the AEC from its extensive and elaborate 
research program was made available to the United Nations Radiation Committee. 
In fact, the ABC was the principal source of information for that committee, 
and this committee was founded by motion of the U.S. delegate to the U.N., 
which was initiated at the instance of the AEC and the Department of State. 

The importance of the fallout and sampling program is thoroughly recog- 
nized by the AEC and it is our intent to continue an active program. How- 
ever, we have no desire to preempt this area of activity and if the Congress 
and the executive department wish to assign part of this activity to other Fed- 
eral agencies we will cooperate with them to the fullest. 

However, we do not wish to see this activity diminished or unattended and 
I am sure this committee and the Congress feel likewise. Otherwise, you would 
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not have appropriated $17 million in fiscal year 1959 and given consideration to 
our $20 million request for fiscal year 1960. 

The AEC is the only agency in Government that has engaged in extensive re- 
search work in the sampling of the atmosphere and conducting fallout studies 
on a worldwide basis. In the past year the Department of Defense conducted a 
series of experiments which were considered by DOD as highly classified. These 
results produced data on the atmospheric content of radioactive substance sup- 
plementing that developed by the AEC. These differences were set forth in 
letters which have been made public. I hope the differences will be resolved. 

I hope the Department of Defense will place their findings in the public 
domain. Dr. Libby, spokesman for the AEC in this matter and General Loper, 
spokesman for the Department of Defense, have assured me that there has been 
no attempt at any time to suppress or modify the DOD report in the interest 
of reconciling these differences or scientific judgment. 

Finally, I wish to advise this committee that I have taken the following 
actions: 

1. We enthusiastically support the plan of this committee to hold a series of 
hearings on this very important subject and our staffs have been working with 
the Joint Committee staff on this program. I urge if possible that these hear- 
ings be held the last week in April and the first week in May as during these 
days a principal part of the scientific fraternity will be assembled in Washing- 
ton and many very important witnesses will be available to this committee. 

2. I have requested that a review of this matter be made at once on a govern- 
mentwide basis and that all interested Government agencies participate. We 
are urging that this important conference be arranged by the National Academy 
of Sciences and that a meeting be held the latter part of May. 

3. Because of my comparative newness in my job, I have asked Dr. Warren 
Johnson, Chairman of our General Advisory Committee to call a special meeting 
of his Commitee in Washington on April 10 and 11 for the purpose of reviewing 
this question and of advising me of any additional steps the Commission might 
take to further protect the public interest. In ordering this meeting I have 
requested that Dr. Johnson confer with Dr. Shields Warren, U.S. Representative 
on U.N. Radiation Committee, members of the AEC Advisory Committee on 
Biology and Medicine, Dr. Dunham and other representatives of our Division 
of Biology and Medicine, and other specialists in this field. The advice of the 
General Advisory Committee when received will be transmitted to this committee 
and will be made public. 

I would like to point out to you that this question of the basic standards of 
radiation protection have been developed by the National Committee on Radia- 
tion Protection and Measurements which is sponsored by U.S. National Bureau 
of Standards. On this Committee are represenatives of both public and private 
organizations, including the Department of Health, U.S. Atomic Energy Com- 
mission, International Association of Government Labor Officials, the American 
Medical Association, the American Dental Association, the National Bureau of 
Standards, the American College of Radiology, U.S. Navy, the Army, the Air 
Force, the Atomic Industrial Forum, and others. The recommendations of this 
Committee are not only accepted by the Atomic Energy Commission, but also 
such international bodies as the World Health Organization, the International 
Labor Office, and the International Standards Organization. 

Finally, I assure this committee most emphatically and unequivocally that 
so long as I am Chairman of the Atomic Energy Commission [ shall not be a 
party to the suppression or distortion of any information bearing on the 
safety and health of the American public. I am fully prepared to assist any 
comnetent body in developing the facts now in controversy on the fallout issue 
and to disclose these facts to the public. I am confident that the Atomic Energy 
Commission has not been derelict in its duty in studying radioactive fallout and 
in revealing the conclusions of such studies when the data have been collated 
and evaluated. If, however, your committee finds any shortcomings on the 
Commission’s part, I pledge you to initiate immediately the most vigorous and 
comprehensive corrective measures possible. 
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I. FOREWORD 


The National Advisory Committee on Radiation was formed in 1958 
by the Surgeon General of the U. S. Public Health Service, to provide him 
guidance dn matters pertaining to the control of radiation hazards in the United 
States. Among the many assignments which have been given the Committee 
since its inception, one has been the task of evaluating the programs currently 
followed in this country to protect the health and well being of the public from 
the hazards of ionizing radiation. This report presents the conclusions reached 


by the Committee after its study of this important subject. 


Il, RADIATION HAZARD, A PROBLEM IN PUBLIC HEALTH 

During the past several years, a number of scientific bodies, 
including the National Academy of Sciences of the United States(!) and the United 
Nations Scientific Committee on the Effects of Atomic Radiation‘), have 
reported extensively on the influence of ionizing radiation on biological systems. 
From these reports it is evident that serious health problems may be created by 
undue radiation exposure and that every practical means should be adopted to 
limit such exposure both to the individual and to the population at large. 

The principal sources of ionizing radiation which have been created 
or developed by man include x-ray machines, nuclear reactors and their radio- 
isotopic byproducts, high-energy particle accelerators, a number of 
concentrated forms of naturally occurring radioactive materials, and the 
fallout constituents of nuclear weapons. Among these sources, only nuclear 
reactors, their fuels, their radioisotopic byproducts, and their radioactive 


wastes have been placed under substantial regulation from the standpoint of 


their influence on health and safety. This is notwithstanding the fact that 








2548 FALLOUT FROM NUCLEAR WEAPONS TESTS 


extensive studies have revealed that most of the ionizing radiation received by 
the population today, other than that received from natural sources, has been 
from the x-ray machines employed by the health professions. Concerted 
effort is now being applied by these professions to reduce, as far as is possible, 
the exposure of individuals undergoing x-ray diagnosis and treatment. Even 
so, the absence of a comprehensive program through which the health hazards 
of all sources of ionizing radiation may be brought under supervision appears 
to this Committee to be an important weakness in this nation's efforts to control 
radiation safely, 

A comprehensive program of radiation control appears particularly 
important at this time in view of the increasing breadth of human activity 
wherein ionizing radiation is a significant health hazard. X-ray machines are 
now used extensively in industry as well as in the health professions, Radio- 
isotopes are finding application in a rapidly increasing number of industrial 
plants, university laboratories, hospitals and agricultural research centers, 
And nuclear reactors are being planned and constructed at an accelerating 
pace, Few areas of human activity remain where sources of ionizing radiation 
do not find some practical application. 

Since the discovery of x-rays in 1895, the radiation exposure of the 
population has been gradually increasing. This is shown in table I where the 
annual whole-body dose of radiation received externally by an average 
individual of the United States from natural and x-ray sources is estimated 


for the period from 1925 to 1955. The data were derived from material 


included in the report of the United Nations Scientific Committee!) and from 








ca 


du 


fr 


cc 


t 





en 


ible, 


rs 


atrol 


arly 


re 


FALLOUT FROM NUCLEAR WEAPONS TESTS 2549 


calculations based on estimates of the x-ray film consumption of the country 


) 


during this time period'>* $ . The continued upward trend exhibited by the 
x-ray data suggests the likelihood that the current exposure of the population 
from x-ray apparatus may increase still further unless appropriate radiation 


control measures are systematically applied. 


TABLE I, Estimated Annual Whole-Body Dose in Millirems Received 
Externally from Natural and X-ray Sources 


YEAR NATURAL SOURCES X-RAY SOURCES 
1925 100 15 
1935 100 40 
1945 100 75 
1955 100 135 


The radiation exposure received from atomic sources is also 
likely to increase with the passage of time. This is well demonstrated in 
table II, where the national growth in nuclear power capacity is predicted for 
the years 1965 through 1995. The table also includes estimated values of the 
accumulated volume of radioactive waste which may be expected to result 

(5) 


from this nuclear power development’, 


TABLE II, Predicted Power Capacity and Accumulated Volume of Radioactive 
Waste Resulting from Development of the Nuclear Power Industry 


Power Capacity High and Intermediate Level 
Year_ (megawatts) Waste Products (gallons) 
1965 1.5 x 104 1.5 x 10° 
1975 8 x 104 2x 107 
1985 2 x 105 8 x 108 


1995 5 x 10° 2x 10° 
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Another measure of the growth to be anticipated in the field of 
atomic energy may be made from an examination of the actual growth which 
has taken place during the last few years in the use of radioisotopes in the 
United States. This is shown in Table III, where the quantity of radio- 
isotopes shipped from the Oak Ridge National Laboratory from 1952 to 1958 
and the number of medical users of radioisotopes in the United States in a 
similar period are tabulated’ ", 

Table III. Curies of Radioisotopes Shipped by Oak Ridge National 


Laboratory and Number of Medical Users of Radioisotopes 
in the United States 





YEAR Curies Number of Users 
1952 12, 000 445 
1954 30, 000 870 
1956 100, 000 1533 
1958 230, 000 1935 


In addition to the rapid, anticipated growth in the use of devices 
and products which produce ionizing radiation, there is another factor which 
urgently points to the nation's need for a comprehensive program governing 
the public health aspects of this radiation. This is the increasing respect 
given by scientists to radiation exposure as demonstrated by the steady down- 
ward revision, made over the past thirty years, in the maximum permissible 
levels of ionizing radiation recommended by the National Committee on 


(8, 9,10, 11, 12) 
Radiation Protection and other authoritative groups (Table IV) 





th 
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Each downward revision increases the responsibility of those concerned with 


the problems of radiation protection. 


Table IV. Recommended Annual Maximum Permissible Dose in Rems 
for Workers Occupationally Exposed to lonizing Radiation 


Period Maximum Permissible Dose (Annual) 
1931-1936 60 
1936-1948 30 
1948-1958 15 
1958-present 5 


lll, THE ELEMENTS OF A RADIATION CONTROL PROGRAM 

A comprehensive program for the control of radiation hazards 
includes many elements; two are particularly worthy of attention: 

(a) the formulation of sound radiation protection standards and 
(b) the enforcement of public health regulations based upon 
these standards, 

In general, the process by which a regulating agency formulates the 
protection standards employed in its operation consists of (1) the collection of 
pertinent scientific data, developed through sound research, (2) the judicious 
evaluation of these data by individuals whose background and training qualify 
them to the task, and (3) the preparation of written standards, guided by this 
evaluation, after due consideration of any socio-economic problems which the 


standards may create. Frequently the group performing the data evaluation is 


an organization independent of the regulatory agency. 
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The enforcement of health regulations by a controlling agency 
involves the adoption of specific procedures designed to insure that the 
agency's standards are honored. In the field of radiation control, these 
procedures include, among others, the establishment of mechanisms for the 
registration of radiation sources, the approval of operators and of facilities 
and the periodic inspection of these facilities. 

It may be worthwhile at this time to examine briefly the methods 
currently used in the United States in the formulation of standards of radiation 
protection. In regard to scientific data, considerable research in radiation 
biology, chemistry and physics is contributing to the store of scientific 
knowledge needed for standards development. This research is being supported 
by the Division of Biology and Medicine of the Atomic Energy Commission and 
the National Institutes of Health of the Public Health Service as well as many 


other governmental and non-governmental groups. Although the magnitude of 














this research is substantial, a review of current scientific data, which 
quantitatively relate radiation dose to biological effect, indicates that many 
gaps exist within these data and that such gaps pose great difficulty in the 
establishment of many radiation protection standards on a wholly satisfactory 
basis. Since standards of radiation protection are of fundamental importance 


to programs of radiation contro!, it appears to this Committee that even 





greater emphasis must be placed on radiation research in the future. This 


is particularly so of scientific studies which focus directly on the provision 







of data for standards development. Certainly, such research should be an 
important component of the radiation control program now in the process of 


development by the Public Hea!th Service. 
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Much of the responsibility for the evaluation of radiation data and 
the subsequent preparation of recommendations which may be used as guides 
by regulatory agencies in the development of their operational protection 
standards, has been borne in the United States by the National Committee on 
Radiation Protection, a private quasi-official group of internationally known 
American and Canadian scientists who are modestly supported in their work 
by the Department of Commerce. The organization deserves great praise for 
the untiring effort it has given on behalf of the nation for many years. 

From time to time, a number of individuals and groups have 
suggested that the NCRP should be made a component of some specific govern- 
mental agency. They believe that, under these circumstances, the Committee 
would gain stature and its recommendations would benefit from the more 
official status given them. The National Advisory Committee on Radiation, 
however, believes that there is much merit in the independent position which 
the NCRP enjoys. In such a climate, the actions of the NCRP have been 
singularly forthright and decisive and it is felt that it would be unfortunate 


if these characteristics were changed. 


IV. STATE VS, FEDERAL REGULATION OF RADIATION PROTECTION 
The enforcement of radiation protection regulations has been the 
subject of considerable controversy in recent years. There are some who 
believe that the dangers of ionizing radiation are so great and the control of 
radiation hazards so complex that regulatory responsibility in this field must 


lie a: the federal level. Others have argued that regulatory functions are 


42165 O—59—vol. 3——-38 
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best executed at the state or local level. The following discussion reviews the 
controversy in an effort to resolve this difficult problem, 

The Federal Government, under authority granted by the Atomic 
Energy Act of 1954(13), occupies a dominant position in the field of atomic 
energy. Through its control of atomic fuels, production facilities, utilization 
facilities, facility operators, byproduct materials, classified data and patents, 
the Federal Government through its operating agency, the Atomic Energy 
Commission, exercises a profound influence over the development of atomic 
science in industry, medicine, and a large number of other areas within our 
social structure. In addition to its responsibility for the promotion and 
development of atomic energy, the Atomic Energy Commission has been given 
authority to regulate its operations and those of its contractors in sucha 
manner that the safety of the population both individually and collectively may 
be maintained. 

The real and potential problems imposed upon our social structure 
by developments in atomic energy are principally those associated with the 
control of the radiation, electromagnetic and particulate, created by nuclear 
processes, The extent of these problems goes far beyond the atomic energy 
production facilities. The widespread use of byproduct materials from 
nuclear reactors in a continuously increasing number of laboratories through- 
out this country poses a whole set of additional problems in radiation 
protection. Furthermore, the disposal of unwanted nuclear wastes of the 


magnitude which may be contemplated when the atomic industry is fully 


developed presents problems in terms of world population exposure which 
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are sufficiently far from a solution at the present time that many years may be 
expected to elapse before they fall under control. 

The dual role of a single governmental agency in the promotion and 
development of atomic energy on the one hand and its regulation of radiation 
safety on the other is an interesting one. Generally, such an arrangement is 
unwise and may be expected to create difficulty. For example, during its 
lifetime, the Atomic Energy Commission on a number of occasions has been 
criticized for seemingly subordinating radiation safety in the interest of 
economy when several of its nuclear reactor installations have been planned; 
also, a number of individuals and groups have expressed concern over the 
establishment of large reactors not far from densely populated areas. Whether 
these criticisms have been justified or not, it is noteworthy that the dual 
responsibility of the Commission has been the cause of not inconsiderable 
misunderstanding and this may be expected to increase in the future, particularly 
as more and more participation in nuclear science by private groups takes 
place, 

The question may be reasonably asked why the dual responsibilities 
of promotion and regulation of radiation safety were placed in a single 
governmental agency when the shortcomings of such a practice are so apparent. 
The reasons for this may be found in the history of the atomic energy develop- 
ment. Nuclear science began to exert a dominant role in our social structure 
only at the time of World War Il. During this period, major effort was 
directed toward the development and production of nuclear weapons, an 


effort wholly concerned with the military establishment of our government. 
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Progress toward the production of practical atomic weapons was attended by 
the need for the rapid development of competence in the field of radiation 
safety and, because of secrecy, it was impractical to develop such competence 
in a regulatory body wholly independent of the production group. Hence, the 
functions of weapons development and protection regulation were administered 
by a single agency, the Manhattan Engineering District. 

After the completion of World War II, the Atomic Energy 
Commission was established by the Atomic Energy Act of 1946(14), The function 
of the Commission, initially, was almost wholly governmental and only 
relatively minor private participation in the field of nuclear science was 
contemplated. In view of this, the wartime responsibilities of the Manhattan 
Engineering District were transferred to the new Atomic Energy Commission 
and the dual responsibilities of promotionand regulation were carried 
essentially unchanged to the new organization. 

When the Atomic Energy Act of 1954 was written, regulation of 
radiation protection was continued as a prime responsibility of the Commission 
in the atomic energy field. However, such regulation became immediately 
more complex and difficult because private enterprise was encouraged to take 
a vigorous role in the development of nuclear science. 

The propriety of the Atomic Energy Commission to perform a 
regulatory function in radiation safety was soon questioned by a number of 
groups which believed that such responsibility is a function of state and local 


agencies, rather than that of the Federal Government'!5. 16), This, 


incidentally, is notwithstanding ample legal precedent where federal 
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regulatory power has pre-empted state responsibility in instances where 
national interest was at stake!!®), 

It is not difficult to suggest examples where national interest might 
not be well served if regulation of radiation protection in the field of atomic 
e ergy were delegated entirely to state and local agencies, First, circumstances 
frequently occur where radiation hazards do not respect state and local 
boundaries and serious danger may be expected to develop if wider control is 
not provided, Furthermore, the existence of a variety of local and state 
radiation protection codes each with differing standards might impede the 
development of atomic machinery and techniques to such an extent that national 
interest might well be severely jeopardized. Finally, a high level of competence 
has been achieved by scientists associated directly and indirectly with the 
Atomic Energy Commission and their ability to provide the technical knowledge 
necessary for the execution of sound programs in radiation protection is 
substantial. Indeed, the performance of those so concerned constitutes a 
record of which the AEC may be justly proud. At the state and local levels, 
on the other hand, such competence is only now beginning to develop. 

In spite of the foregoing, the arguments for state versus federal 
regulation of radiation safety are not entirely on the federal side. Although 
competence in radiation safety has lagged until recently in many state and 
local health departments and in other agencies concerned with safety 
problems, intensive efforts are now being made to correct this shortcoming. 


Evidence of this may be found in a recent survey of sixteen states, conducted 


by the Public Health Service, which reveals that 76 radiation health specialists 
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and technical assistants are currently at work in the field of radiation contro] 
in the health departments of these states, Also, history gives strong support 
to the concept that where regulatory controls are needed for the safety of a 
community, these controls may be best exercised where the authority responsib) 
for control is not far removed from the group or groups being protected, This 
concept is likely to prove equally valid in the field of radiation protection for 
many radioactive materials used in medicine and industry, even though initially 
regulated, eventually become a part of environmental contamination and of 
necessity must be evaluated at the point of human exposure as a part of a normal 
health assessment program, Finally, many state and local governments have 
demonstrated over long periods of time that they are quite capable of operating 
effective control programs in important areas of human activity; for example, 
the record of public health authorities is difficult to surpass in the field of 
sanitation, 

After careful consideration of the problem of states-vs-federal 
control of radiation safety, the esiedaiiein believes that many of the 
regulatory eni»:cement functions of a radiation control program may be 
discharged effectively by state and local governmental agencies. Also, the 
Committee believes it unwise to continue the assignment of primary authority 
over the public health aspects of atomic energy in the same agency that has 
a prime interest in the promotional aspects of the field. By this, the 
Committee in no way wishes to imply criticism of the Atomic Energy 
Commission, It merely wishes to express a principle which it believes to 


be fundamentally sound. Furthermore, the Committee does not wish to imply 
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that the AEc should not continue to pursue intensive radiation safety programs 
for the control of hazards in its own installations and in those of its contractors 
and licensees, Indeed, on the contrary, the Commission has an obligation to 
do so. In this respect, the position of the Commission is similar to that of 
many of our nation's industries which have responsibilities for the provision of 
a broad range of safety practices beyond those of the regulatory agencies having 
primary authority over the industries. However, to return to the question of 
where the ultimate authority should fall for decisions of policy in matters 
involving the protection of the public's health against ionizing radiation, the 
Committee believes this authority should be placed in an independent agency 
and preferably in one with a special interest in public health; i.e., the 


U. S. Public Health Service. 


V. RADIATION SAFETY PERSONNEL 

The increasing urgency for a comprehensive program of radiation 
protection in the United States, cited in Section II of this report, requires that 
there be available an ever increasing number of individuals, well trained in 
radiation control methods, with whom federal, regional, state and local 
agencies may conduct their regulatory functions. The types of individuals who 
are needed fall into two general categories: 

(a) radiation health specialist™ and 


(b) radiological technicians. 


* These individuals are not to be confused with health physicists, persons 


employed principally in industry to plan and supervise the specific radiation 


protection operations of the plants in which they are working. 
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By the term, radiation health specialist, is meant a person trained 
to the level of a master's or doctor's degree in the problems of radiation 
protection and capable of assuming a high order of responsibility in a 
radiation control program, This training should include advanced work in 
physics and the allied basic sciences, pertinent biological subjects including 
genetics, radiobiology, and biomathematics and practical experience in handling 
laboratory and field problems. By the term, radiological technician, is meant 
an individual trained to operate radiation measuring equipment and to conduct 
technical work under the supervision of a radiation health specialist. 

At this time, the need for radiation health specialists appears to 
be most critical. Until such personnel are available in substantial numbers, 
programs in radiation control cannot become fully effective at any government 
level. Inadequately trained individuals will nad be able to make the numerous 
judgments nor perform the complex technical operations which will be required 
of them, 

From studies made by this Committee, it appears that the 
following constitute the personnel needs of the United States in the field of 
radiation control through the year 1970: 

(a) radiation health specialists - 1,200 
(b) radiological technicians - 4,000 

These estimates are based upon the belief that approximately 
three to four technicians will be required for each health specialist in a 
nominal control program and that approximately one radiation health 


specialist will be needed for each 200, 000 of population when the atomic 
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energy industry approaches full development. Future studies may, of course, 
alter these values. 

It is anticipated that the demand for radiation health specialists will 
increase progressively as state and local control programs develop. At the 
present time, the Public Health Service and state and local health agencies have 
need for 150 specialists who have completed a full program of training in 
radiation protection. By the end of 1966, it is anticipated that these needs will 
have expanded to the point where 650 individuals can be profitably utilized; 
by 1970, it is estimated that 1, 200 will be required. These figures are over 
and above those currently needed by the Atomic Energy Commission for the 
conduct of its safety programs. 

VI. COMMENT AND RECOMMENDATIONS 

It is evident from the discussions of preceding sections that 
radiation hazards constitute an important problem of public health. Further- 
more, it is more than likely that this problem will become more difficult in 
the next few years. 

A great deal of progress has been made in recent years toward 
the development of regulatory programs for the control of radiation hazards. 
However, even today, a number of serious weaknesses exist within current 
programs, as previous comments have shown. Among these may be included 
the absence of uniform regulatory mechanisms covering all radiation sources, 
an insufficient quantity of scientific data for the development of radiation 
protection standards, the dual responsibility for promotion and regulation of 
atomic energy sources currently vested in a single governmental agency, 


and the shortage of trained personnel with which effective radiation control 
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programs may be carried out. In an effort to correct these weaknesses and, 
more important, to improve the foundation of the radiation control programs 
of the United States, the Committee submits the following proposals to the 
Surgeon General for review and appropriate action. Specifically, the 
Committee recommends that: 

1, Primary responsibility for the nation's protection from 
radiation hazards be established in a single agency of the Federal Government, 
The Committee believes that this agency should logically be the U. S. Public 
Health Service, Department of Health, Education and Welfare, and urges 
immediate legislation to achieve this objective, 

2. The agency be granted authority for broad planning in the field 
of radiation control. Such planning should include the coordination of state 
and local regulatory programs with the safety operations of federal and private 
groups in a manner which will provide a unified attack on problems associated 
with the control of radiation hazards. 

3. This agency be given authority to develop a comprehensive 
program of control for all sources of radiation. In this connection, the 
Committee wishes to call attention to the following principles and additional 
recommendations: 

(a) Radiation protection standards constitute a matter of 
broad national importance: Problems of radiation 
control frequently do not respect state or regional 
boundaries but extend across large areas of the 


nation. Also, the full development of nuclear science 
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(b) 


in our society depends in no inconsiderable part on the 
development of uniform radiation standards which 
apply in all parts of the country. 

Therefore, the Committee recommends that the 
agency be charged with the responsibility of 
promulgating uniform, national standards on radiation 
protection. In order to meet this responsibility, the 
agency should take full advantage of the guidance 
provided by the National Committee on Radiation 
Protection and by other organizations of similar 
character, Furthermore, the Committee recommends 
that the agency be granted authority to undertake 
intensive research programs aimed directly at the 
provision of scientific data for the development of 


improved standards of radiation protection. 


The enforcement of regulations affecting the health 
and well-being of our society has traditionally been 
the responsibility of state and local governmental 
agencies. There appears to be no fundamental 
reasons why such agencies should not bear a substantial 
responsibility for the regulation of the health hazards 
associated with radiation exposure. 

The Committee therefore recommends that as 


much regulatory responsibility as possible be vested 
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(c) 


within state and local governments in the field of 
radiation protection. However, in order that the 

agency may be assured of discharging its responsi- 
bilities to the nation as a whole, the Committee 
recommends that the agency be granted supervening 
authority in those areas of enforcement where federal 
regulation seems more appropriate. It also recommends 
that this authority apply under those circumstances 
where a state or local government finds itself unable 

to meet its obligations. 

Einally, in order that state and local governments 
may discharge their responsibilities with the greatest 
effectiveness, the Committee recommends that the 
agency be granted authority to provide technical and 
financial assistance to such governments, as in other 


public health programs. 


The training of professional and technical personnel with 
which to meet federal, state and local requirements 
over the years, is a problem of national importance, 
Hence, the Committee recommends that the agency 

be granted authority to undertake a broad range of 
training programs which will assure that the national, 


state and local needs for personnel trained in radiation 


protection will be satisfactorily met. 
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VII. PROGRAM BUDGET 

It is anticipated that the cost of a comprehensive program of radiation 
control which jncludes the elements set forth in the foregoing recommendations 
will reach a level of approximately 50 million dollars in a period of five years. 
The Committee recommends, however, that the program be developed gradually, 
perhaps at a level of approximately $2,500,000 in the fiscal year, 1959-60, and 
increasing in magnitude until full development is reached in 1965, Even with 
such progressive staging, the Committee recognizes that the program is a 
substantial one. However, the criterion of realistic need has been continually 
before the Committee in its deliberations. There is no question that the present 
situation calls for bold and decisive action. With such action based upon sound 
principle, the Committee believes that the Federal Government should proceed 


with all deliberate speed. 


National Advisory Committee On Radiation 
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{Extract from Science, May 1, 1959) 


RADIATION HAZARDS POSE PROBLEMS OF HOW GOVERNMENT CAN 
BEST BE ORGANIZED TO PROTECT THE PUBLIC 


During the past few weeks Congressmen, labor leaders, state officials, scien- 
tists, and citizens groups have voiced renewed concern about the dangers from 
weapon testing, the faster rate of fallout, the rising radioactivity in milk and 
other foods, and the growing problems of industrial radiation and atomic waste 
disposal. There has been particular concern as to how the Government can 
best be organized to monitor fallout and establish radiological health standards. 

A movement is developing within the Administration and within the Congress 
to place primary responsibility for the nation’s protection from radiation haz- 
ards in a single agency of the Federal Government. So far the Atomic Energy 
Commission has been chiefly responsible for work in this area. However, it is 
now being suggested in many quarters that the Public Health Service assume con- 
trol, for there is a growing feeling that “it is unwise to continue the assignment 
of authority over the public health aspects of atomic energy to the same agency 
that has a prime interest in the promotional aspects in the field.” This state- 
ment is from a recent report by the National Advisory Committee on Radiation 
Protection, a committee that was set up by the Public Health Service; how- 
ever, none of the 12 committee members is from that agency, and only two are 
federal employees. The committee chairman is Russell H. Morgan, professor of 
radiology at Johns Hopkins Medical School. 

The National Advisory Committee’s report, which appeared in the 17 April 
issue of Science, was the culmination of a wave of criticism of the AEC’s admin- 
istration of the radiation control program. In response, commission chairman 
John A. MeCone made the following statement to the Joint Committee on Atomic 
Energy at hearings on 29 March: “The importance of the fallout and sampling 
program is thoroughly recognized by the AEC and it is our intent to continue an 
active program. However, we have no desire to pre-empt this area of activity and 
if the Congress and the Executive Department wish to assign part of this activity 
to other Federal agencies we will cooperate with them to the fullest.” 


ATOMIC ENERGY COMMISSION PROGRAM 


In this fiscal year, the AEC will spend $19 million in research associated with 
radiation standards and protection. In addition, $2.6 million is being spent 
for sampling and analysis for national and world-wide fallout studies and $450,- 
000, for fellowships for training in health physics, industrial hygiene, and so 
forth. It is expected that in 1960 the figures for radiation standards and pro- 
tection will be increased to .$20 million; these funds will be provided out of a 
$50-million operations budget for biomedical research. The AEC, since it was es- 
tablished in 1946, has used approximately $125 million for biomedical investi- 
gations on radiation. 

Some 800 scientists are engaged in this work, backed by an equal number of 
laboratory technicians. Research is carried out at the Brookhaven, Argonne, 
and Oak Ridge laboratories, at the University of California’s Lawrence and 
Los Alamos laboratories, and through contract with 204 universities and 19 cor- 
porations. 

Arrangements for the exchange of information on sampling and of other fall- 
out data exists between the AEC and a number of other federal offices, such as 
the Weather Bureau, the Department of Agriculture, the Public Health Service, 
and the Food and Drug Administration. Active sampling programs are being 
conducted in a number of countries with which the AEC exchanges information. 
These countries are widely dispersed over the world and include, for example, 
Japan, New Zealand, Norway, England, and Brazil. In addition to conducting a 
world-wide atmospheric sampling program, the commission has 64 soil-sampling 
stations in foreign countries and 17 in the United States. 


PROJECT SUNSHINE 


_ No comprehensive up-to-date account of all the AEC’s radiation control work 
is available, nor is it possible to obtain a clear-cut description of Project Sun- 
Shine, the commission’s chief program dealing with the large-scale distribution 
of radioactivity. Sunshine was set up secretly in 1953, at the suggestion of 
AEC Commissioner Willard Libby, to study the fallout that could be expected in 
an atomic war. With the 1954 hydrogen bomb tests in the Pacific, the emphasis 
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shifted to a study of the fallout from weapon tests, particularly of strontium-90, 

The work is under the supervision of the Division of Biology and Medicine, 
which is headed by Charles A. Dunham. Forest Western is his assistant director 
for radiation protection. When asked recently to outline the scope of Project 
Sunshine, Western answered: “Unfortunately I can't answer, for the project has 
never been defined.” He then went on to explain that when Sunshine was estab- 
lished, the division already had an extensive program of research on the biologi- 

cal aspects of radiation—some of it especially concerned with the hazard ques- 

tion, some not. This work continues today. Western pointed out that this sepa- 
rate research program has resulted in a complicated overlapping of activities 
that has sometimes led to confusion in connection with Sunshine. 

Recently there has been criticism of the AEC because no one person is solely 
responsible for Project Sunshine. In answer to a question about this, Western 
said that the commission had been unable to recruit any of the men it had 
selected. 

ATMOSPHERIC RADIOACTIVITY STUDIES 


Joshua Z. Holland, meteorologist and a biology division member who devotes 
all his time to fallout problems, recently described one major aspect of the AEC’s 
fallout work with commendable simplicity and conciseness. He delivered a 
paper before the American Meteorological Society that is a synthesis of the com- 
mission's biologically motivated studies of atmospheric radioactivity. This paper 
is now being prepared for release as a regular AEC information report. It will 
be accompanied by a number of helpful charts and tables, including Table 1, 
shown here, which outlines the fallout sampling networks that provide the bulk 
of the AEC-sponsored measurements of radioactivity in the atmosphere and in 
precipitation. 

SAMPLING METHODS 


In Table 1, where the AEC is listed alone, this indicates that the entire proj- 
ect—both the collection and the analysis of samples—is under the supervision of 
the Health and Safety Laboratory (New York Operations Office) ; where the 
AEC is listed jointly with another agency, that agency is responsible for the col- 
lection and the Health and Safety Laboratory is responsible for the analysis. All 
of the data from the various programs noted in the table are eventually sent to 
the Weather Bureau, which conducts comprehensive studies and makes world- 
wide graphs and so forth. Lester Machta heads this work. 


TABLE 1.—Data from Atomic Energy Commission fallout monitoring networks 





| 











| 
| Num- | 
Type of Operating = Frequency Geographical | 
sample agency of extent Analysis 
a sampling 
tions 
| 
Gummed film_..} AEC___. 197 | Daily. -._-.---- Worldwide ...| Total beta radiation 
Precipitation in | AEC____ 57 | Monthly-_- Worldwide....| Sr®, Sr8%, W185, total 
pots and beta radiation 
funnels { | 
Precipitation in | AEC__.. 4 | With each rain | U.S. and New | Sr®, Sr8, (U.S.), 
washtubs | Zealand Cs!37 (N.Z.), Bal®, 
| Wiss, total beta 
| radiation 
Other __..- AFCRC* 6 Biweekly__.....| 76° N to 41° S_} Sr, Ba'so, W185, 
| Pbx0, Hs 
Other... ___-- PaEBy 44 | Daily___ U.S Total beta radiation 
Other-_.-- ..| USGSt. 3 | Biweekly_-_-.-_- N. America__.| H3 
Soil........-.--:| USDA§A EC... <. -| 87 | Every 2 years...| W oridw ide ...| Sr# 
Soil. _- AEC.__. 17 | Every year. > LF Sr 
Surface air | NRL! 28 | Daily. ___. E Worldwide ...| Daily: total beta 
| | radiation; monthly: 
| Sr, Sr’, y a, Cs, 
Celi, Celt, Ph2t0, 
} | Wiss 
Surface air | PHSt-. 44 | Daily |} U.S... Total beta radiation 
Upper air | USAF4-AEC 4 icatily | 45° N to 23° S_| Srv, Sr, Zr%, Cs!3?, 


| Balto, Cet, Wiss, 
| | Rhi®, total beta 
radiation 

\ ' i | | 








*Air Force Cambridge Research Center (with partial AEC support); fU.S. Public Health Service; {U.S 
Geological Survey (with partial AEC support); §U.S. Department of Agriculture; || Naval Research Labora: 
tory (with partial AEC support); (U.S. Air Force. 
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The table indicates several sampling methods. The gummed film collector 
mentioned consists of a square foot of cellulose acetate film coated with rubber- 
base cement. Two of these are exposed at each station per day. At the end of 
the collection period, the films are folded and mailed in a preaddressed en- 
velope to the Health and Safety Laboratory. The people who do this collecting 
are volunteers; the AEC does not have teams in the field for this work. 

It has been found that fallout collectors that retain precipitation, while not 
providing such convenient samples for counting, collect more radioactivity per 
unit area than does the gummed film. In fact, it appears that most of the 
strontium-90 fallout is brought down by rain and is not retained by gummed 
film. Therefore, 1-foot stainless steel pots have been used as collectors. 
Samples are transferred to polyethylene bottles and mailed in. The pots are 
now being replaced by a new collector consisting of a funnel and simple ion- 
exchange column that will facilitate and standardize the sample-handling pro- 
cedure. 

Air filter samplers are also widely used to collect airbone dust. These are 
an essential part of local industrial radiation protection programs. 

Soil sampling is the best measure of the total strontium-90 which has fallen 
per unit area of earth’s surface. However, analysis of bulky samples is far 
more difficult than analysis of the more concentrated types of samples. Lyle 
Alexander of the Department of Agriculture’s Bureau of Plant Industry is in 
charge of the chief soil survey, which is international in scope. 


ENVIRONMENTAL RADIOACTIVITY STUDIES 


Hal L. Hollister, a physicist, is the other person in the Division of Biology 
and Medicine who works full time on fallout; his province is environmental 
contamination. The commission has many projects in this area. For example, 
a pasture survey for the analysis of plants, soil, whole animals, bone, and milk 
is being conducted by the Health and Safety Laboratory in cooperation with 
the Department of Agriculture. Ocean sampling programs are being carried 
out at Stanford University, the University of Washington, the Woods Hole 
Oceanographic Institution, the University of Miami, the University of Cali- 
fornia’s Scripps Institution for Oceanography, and the Lamont Geological Lab- 
oratory of Columbia University. The last also has a program to study stron- 
tium-90 in human bone. The bones of cadavers are contributed by cooperating 
groups all over the world. 

At the Los Alamos Scientific Laboratory there is a program to determine 
whole-body concentrations of cesium-137; everyone who visits the laboratory is 
checked. In addition, the laboratory conducts a milk survey under which 
powdered milk is collected at many points in the United States and Canada. 
And finally, there are various food analysis projects, although an AEC spokes- 
man commented that these are “not very systematic.” 


Public Health Service 


Since the discovery of the x-ray 50 years ago, the Public Health Service, as 
the principal federal health agency, has been concerned with radiation hazards 
and has engaged in the compilation and distribution of data on radiation and 
the investigation of accidents and other activities. In the 1930's, for example, 
the PHS participated in the investigation of radium poisoning in workers who 
painted dials in watch factories. During World War II, staff members worked 
with personnel at the Manhattan District in establishing standards for radiation 
tolerance. 

In 1945, the Division of Tuberculosis set up and published radiation standards 
for photofluorographic technicians. Both-the National Institutes of Health and 
the Bureau of State Services initiated training programs in 1948 to increase the 
technical competence of PHS personnel, and in the same year a Radiological 
Health Branch was set up with a budget of $17,638. 

By 1955, the program had expanded to include 39 positions and a budget of 
$260,000. During the previous 7 years, the Service had undertaken studies of 
stream characteristics of the Columbia River Basin near the Hanford atomic 
energy works and a study of hazards to uranium miners on the Colorado plateau ; 
it had also started radiological training activities at the Robert A. Taft Sanitary 
Engineering Center in Cincinnati. In 1953, the Service began collaborating with 
the AEC in the off-site monitoring of weapon tests. 
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In 1956, the Surgeon General established a series of staff studies to deter- 
mine more precisely the nature of the radiological public-health problem and 
the role of the PHS. The fundamental problems, it was agreed, were those of 
determining more precisely the tolerance levels of radiation exposure, developing 
means of protecting human beings from unnecessary exposure, and disseminating 
information to members of the public health profession and the public. 

On 5 February 1958 Arthur S. Flemming, Secretary of Health, Education, and 
Welfare, approved the establishment of a Division of Radiological Health in 
the Bureau of State Services. In February of this year, the Surgeon General 
also established the National Advisory Committee on Radiation, mentioned 
earlier, to advise him and the newly established division. 


RADIOLOGICAL HEALTH BUDGET 


The Division of Radiological Health, with Francis J. Weber as chief, began 
operating last July. For fiscal 1958, the budget was $390,000; for 1959, it is 
$608,000. ‘The staff has been expanded to 76 persons. 

A principal activity of the division is the training of personnel in the technical 
aspects of radiation in relation to health. In 1958 the Service offered short top- 
ical courses to 351 personnel from states and communities. Nine of these 
courses are being conducted this year. 

To date, 43 stations have been set up for the measurement of radioactivity in 
the air, 45 stations for testing water, and 10 for sampling milk. Samples are 
analyzed once a month, and the methods used have been sent to state health 
departments. 

On 16 March Flemming held a news conference to discuss radiation problems. 
As background for the Public Health Service’s present interest in the field, he 
reminded his audience that it was the PHS that several years ago advocated 
the abolition of x-ray machines for fitting shoes and that last year proposed 
the substitution of skin tests for mass x-ray surveys as the first step in detect- 
ing tuberculosis. 

He then went on to describe Department of Health, Education, and Welfare 
plans for 1960 for the Public Health Service. The department’s budget for 
1960 calls for slightly more than a doubling of the capabilities of the PHS in 
the field of radiation. The request is for an appropriation of $1,439,100, an in- 
crease of $805,000 and the largest single increase within the Service. This is 
in addition to the some $2 million being devoted to the study of radiation by 
the National Institutes of Health through grants-in-aid and in its own labora- 
tories. The expanded PHS effort would be made in three categories—research, 
technical assistance to states and communities, and training of personnel. The 
research proposed would include studies of two types of population groups—in- 
dividuals exposed to radiation in industry and individuals exposed in the course 
of medical diagnosis and therapy. In addition, the research would seek to sim- 
plify and standardize tests used to measure radiation levels. 

On 3 April, just a few days after the release of the report of the National 
Advisory Committee on Radiation, the White House announced that the Presi- 
dent had asked that a special study of the administration of the radiation con- 
trol program be conducted by the Bureau of the Budget. Among the problems 
the study will consider is whether the principal responsibility for protecting the 
public against the effects of radiation should remain with the Atomic Energy 
Commission or be transferred to the Public Health Service. Participants in the 
survey include the leading officials of the two agencies chiefly concerned—John 
A. MeCone of AEC and Arthur S. Flemming of HEW. A report of the Budget 
Bureau's investigation is expected soon, for on 5 May the Congress’ Joint Com- 
mittee on Atomic Energy will open hearings on the issue. 


[Article from the New York Times, Mar. 29, 1959) 


FaLLout Survey HELD MAKESHIFT—AEC Spurs “URGENT” REVIEW oF SPLIT 
AUTHORITY AND “CONFUSION” IN RESEARCH 


By John W. Finney 


WASHINGTON, March 28.—The Atomic Energy Commission has no one directly 
in charge of its program for measuring the extent and hazards of atomic fall- 
out. 

There are only two persons within the Commission working full time on the 
fallout research program, known as Project Sunshine. 
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This lack of clear authority and direction over the Commission’s multi-million- 
dollar study of fallout is looming as one of the major problems facing the Com- 
mission as it seeks to defend its radiation research program against criticism 
from the administration and Congress. 

John A. McCone, Chairman of the Commission, was reported to be looking 
into the organization of the fallout research program ‘on an urgent basis” with 
a view to establishing clear-cut authority and direction. 


SETUP CALLED MAKESHIFT 


The present organization of Project Sunshine, which one key official frankly 
described as “makeshift,” has thus far gone unexplored in the congressional 
criticism and administration reappraisal of the fallout program. 

Until now the congressional criticism has centered on charges that the Com- 
mission was supressing fallout information. The accusation has been emphat- 
ically denied by President Eisenhower and Mr. McCone. 

Within the Commission the concern is not so much over the extent of the 
radiation research program, which Mr. McCone has described as “extensive and 
elaborate,” but rather over its administration. As one official put it, “our prob- 
lem is not suppression but administrative confusion.” 

The Commission’s concern over the administration of Project Sunshine is 
reflected in the fact that for several years it has been trying vainly to find a 
scientist to head the project. 

AUTHORITY DIVIDED 


Responsibility for directing Project Sunshine is somewhat indistinctly divided 
between Dr. Willard F. Libby, a scientist on the Commission, and Dr. Charles 
L. Dunham, Director of the Commission’s Division of Biology and Medicine. 

As a pioneer in the study of fallout, Dr. Libby has continued an active inter- 
est in the problem while on the Commission. As he told a reporter, he has had 
“a great deal to say” about what research was done on the distribution of 
fallout, although he has not been “in direct charge” of the research. 

The medical biological aspects of fallout—or what happens once it enters the 
human body—have been handled largely by Dr. Dunham as part of the responsi- 
bilities of his Division. 

Both officials conceded in separate interviews that it was impossible for them, 
because of other duties, to pay full-time attention to the fallout problem. Dr. 
Dunham, who is in charge of a division spending $43 million a year, estimated, 
for instance, that be could spend about one-third of his time on Project Sun- 
shine. 

Within the Biology and Medicine Division two scientists are working full 
time on the fallout problem. They are Joshua Z. Holland, a meteorologist ac- 
quired from the Weather Bureau, and Hal L. Hollister, a physicist who directed 
the exhaustive study of fallout conducted in 1957 by the Joint Congressional 
Committee on Atomic Energy. 

Neither scientist has specific authority to direct the fallout project. Mr. Hol- 
land specializes in research on the global distribution of fallout. Mr. Hollister, 
following the congressional investigation, was made Dr. Dunham’s adviser on 
the overall fallout problem. 

Dr. Dunham told a reporter that it would be “very definitely desirable” to have 
a scientist in direct charge of Project Sunshine. He pointed out, however, the 
Commission’s lack of success so far in finding a scientist willing to leave his 
laboratory and take over the specialized project. 


TRANSFER PLAN REJECTED 


For a time, Dr. Dunham said, the possibility of turning over Project Sunshine’s 
direction to one of the Commission’s national laboratories was considered. How- 
ever, it was decided that the administration and direction of the project should 
remain under the direct control of the commission, he said. 

In the last few years, particularly since the 1957 congressional hearings, 
Project Sunshine has grown into one of the commission’s most elaborate, far- 
flung research programs. 

Project Sunshine was started in 1953 when the Rand Corp., at the suggestion 
of Dr. Libby, called a group of scientists together at Santa Monica, Calif., to 
study the fallout from atomic weapons. From the sunny site of the conference 
was derived the name of the project—a name that since then has been an embar- 
rassment to the commission. 
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Originally Project Sunshine was a secret study of the fallout that could be 
expected in an atomic war. With the 1954 hydrogen bomb tests in the Pacific, 
which spread radioactivity over thousands of square miles, the emphasis shifted 
to a study of the fallout from weapons tests. The creation and distribution of 
radioactive strontium became a major study. 

Originally there were two Sunshine laboratories. One was Dr. Libby’s at the 
University of Chicago, which developed methods for analyzing the radioactive 
materials of fallout. The other was the Lamont Geological Laboratory in New 
York, which concentrated on the depositing of strontium in human bones. 

Now Project Sunshine is spread through hundreds of laboratories, hospitals, 
and collection stations throughout the world. With the commission’s support, 
hundreds of scientists and technicians are studying every aspect of fallout from 
its worldwide distribution to its being absorbed into plants and food and the 
effects of the radioactivity on man. 


WORLDWIDE TESTS MADE 


In the current fiscal year the commission is spending $2,500,000 for the sam- 
pling and analysis of national and worldwide fallout. In addition, it is spend- 
ing $18 million for biological and medical research on radiation effects and pro- 
tection. Much of this research contributes directly or indirectly to Project 
Sunshine. 

In the opinion of some commission officials, a serious problem has arisen in 
coordinating and directing all this research and in disseminating the results of 
the research among scientists engaged in the fallout project. 

As pointed out by these officials, the Division of Biology and Medicine, which 
sponsors much of the research, is interested in the results from the standpoint 
of the biological effects of radiation. Consequently, it is pointed out, there is 
little incentive within the division or authority from outside to make certain 
that scientists engaged in fallout studies are kept informed of new developments. 


{Reprinted from Science, May 2, 1958, vol. 127, No. 3305, pp. 1023-1026] 
THE FALLOUT PROBLEM 


It is an example of the interaction between the advances of 
science and the conditions of society. 


(Barry Commoner* ) 


Not so long ago the impact of science on society was a process to be demon- 
strated by scholarly research. In the last two decades, however, the effects of 
rapidly advancing scientific knowledge on public policies have had the lively 
attention of those responsible for the advances, and since last October 4, this 
subject has won many new enthusiasts. Ten minutes of research with the 
morning newspaper will now convince anyone that at least two scientific sub- 
jects—investigation of nearby space and nuclear physics—have become the source 
of major political developments. 

Recent events not only demonstrate the intimate interaction between science 
and social problems; they also show that this relationship is far from harmoni- 
ous. It is regrettable but true that the very areas of public affairs most closely 
linked to scientific matters have been marked by misunderstanding, disagree- 
ment, and controversy. What has happened in recent months authenticates the 
warning voiced just a year ago in the report of the AAAS Interim Committee on 
the Social Aspects of Science: “There is an impending crisis in the relationship 
between science and American society. This crisis is being generated by a basic 
disparity. Ata time when decisive economic, political, and social processes have 
become profoundly dependent upon science, the discipline has failed to attain its 
proper place in the management of public affairs” (1). 

My purpose here (2) is to examine this situation as it is illustrated by one 
of the more troublesome issues: the long-range effects of worldwide fallout from 
tests of nuclear weapons. 


*Dr. Commoner is professor of botany at Washington University, St. Louis, Mo. This 
article is based on a paper presented at the symposium on radiation hazards of the AAAS 


Committee on the Social Aspects of Science held at the Indianapolis meeting of the AAAS, 
Dee. 29, 1957. 
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FALLOUT 


The fallout problem results from the decision on the part of three governments 
to carry out a particular type of military activity: test explosions of nuclear 
weapons. It is reasonable to expect these governments to determine that nuclear 
tests shall not cause inadmissible hazards to human life. This responsibility 
requires: (i) determination of the need for, and the advantages to be derived 
from, the nuclear operations; (ii) estimation of the extent and character of the 
hazards; and (iii) a judgment of the relative weights of the advantages and 
hazards. 

In an orderly state of affairs we expect scientists to produce an evaluation of 
possible dangers sufficiently clear and sufficiently close to being unanimous to 
provide a workable basis for decision. We expect the makers of policy to reach 
a conclusion which represents a balanced evaluation of needs and hazards. We 
expect the public to be sufficiently informed about the needs and possibly harmful 
consequences to understand and support this judgment. 

This is theideal. What is the reality? 

That governments find advantage in conducting test nuclear explosions may 
as well be taken here as a fact of political life. It is not our purpose at this time 
to debate the validity of this need. 

As to the scientifie aspects of the possible health hazards of fallout, we are 
fortunate in having the extensive report of the hearings that the Joint Con- 
gressional Committee on Atomic Energy held in June 1957, which is now avail- 
able in two printed volumes of some 2,000 pages each (3). This report contains 
the best available summary of the facts, estimates of the variability of the perti- 
nent data, and discussions of the theoretical considerations which bear on the 
question. The chief facts may be summarized as follows: 

Radioactive isotopes contained in the fallout produced by past nuclear tests 
are being spread throughout the world and increase the radioactivity received 
by every person on the earth. Since the isotope of chief concern, strontium 90, 
is relatively long-lived, fallout radioactivity will be perceptible for a few gen- 
erations even if no further tests occur. Fallout adds to the burden of radio- 
activity from natural sources, and from medical treatment, to which persons 
are exposed. Where the relatively low levels of natural radioactivity appear 
to be agents of disease (as in the case of genetic defects and, probably, leu- 
kemia and bone tumors), we may expect the incidence of disease to increase 
as a result of fallout. The average increased incidence of disease due to fallout 
from tests conducted thus far will be small (of the order of 0.2 to 2.0 percent) 
compared with the natural incidence. However, since fallout affects the entire 
population of the world, the absolute numbers of persons who may become 
diseased because of its radioactivity are not small. Thus, estimates reported 
at the congressional hearings indicate that fallout from past tests may account 
for the birth of from 2,500 to 13,000 genetically defective children and for 25,000 
to 100,000 cases of leukemia and bone tumor (considered together) during the 
next generation. The damage expected from fallout will in most cases not 
occur until a minimum of about 10 to 30 years has elapsed, and often it will 
be much later. When the damage does occur it will ordinarily be impossible 
to distinguish between an effect of fallout and effects of natural radiation or 
other factors. Moreover, any numerical estimate of the average increase in 
disease incidence expected from fallout must be accompanied by a very large 
probable error and is subject to considerable regional variation. Finally, the 
factual and theoretical basis for such prediction is sparse, contains important 
gaps, and is subject to divergent interpretations. 

These are the facts relative to biological hazard that the policymaker must 
use to determine whether the testing of nuclear weapons shall continue un- 
abated, shall be diminished, or shall be stopped entirely. How useful to this 
purpose are these facts? 

The recent hearings of the Joint Committee give us a means of testing this 
question. This committee heard evidence about fallout hazards from some 50 
scientists who represented a broad cross section of the scientific community, 
both within and outside of the Government. The committee is a group of legis- 
lators experienced in the matter of developing policy from facts provided to 
them by expert testimony. It appears that the evidence presented at the com- 
mittee’s hearing was not sufficient, in their eyes, to dictate policy. This un- 
certainty is summed up in the analysis prepared by the Joint Committee after 
the hearings were concluded, as follows: “There were differences of opinion 
[i.e., among witnesses] on how to forecast the consequences of further testing” 
(4). The analysis also states: “It is apparent, however, that the people of the 
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world and their governments lack information on the operational problems— 
meaning information that can be acted upon in a given situation—associated 
with fallout” (4). 

Although the congressional hearings did not consider how the advantages of 
nuclear testing might be weighed against the estimated hazards, the evidence 
heard gives us a picture of the size of the problem. Anyone who attempts to 
determine whether or not the biological hazards of worldwide fallout can be 
justified by necessity must somehow weigh a number of human lives against 
deliberate action to achieve a desired military or political advantage. Such 
decisions have been made before—for example, by military commanders—but 
never in the history of humanity has such a judgment involved literally every 
individual now living and expected for some generations to live on the earth. 

It is not clear who is expected to make this decision and thereby assume, in 
an unprecedented degree, the grave moral burden carried by those who must 
judge the social worth of human life. Should this judgment be made by experts 
with special competence? If so, where should their expertness lie? In nuclear 
physics, radiochemistry, biology, medicine, sociology, military strategy? On the 
other hand, should a responsibility of this weight be reserved to elected officials, 
in order to ensure that the decisions will reflect the ethical views of our society? 
At the moment, we seem to have no stated policy in this matter. 

Finally, the present situation is also unsatisfactory with regard to the state 
of public knowledge on the fallout problem. This conclusion could be docu- 
mented in many ways, but perhaps the most objective and significant view is 
that contained in the Joint Committee’s summary-analysis: “Information on 
fallout has evidently not reached the public in adequate or understandable 
ways” (4). 

Besides being poorly informed, the public has been confused by disagreements 
among scientists regarding the biological danger of present and anticipated 
radiation levels from fallout. The public is accustomed to associating science 
with truth and is dismayed that scientists appear to find the truth about fall- 
out so elusive. 

There is, it would appear, some need for improvement in the management of 
public affairs relative to the problem of fallout. In what follows, I shall dis 


cuss some of the reasons that may account for our present difficulties and sug: 
gest some possible remedies. 


WHY DO SCIENTISTS DISAGREE? 


Why do scientists disagree in their estimates of the biological hazard of world- 
wide fallout? 

The scientific problem is extraordinarily difficult and complex. Its solution 
requires an understanding of vast interactions among masses of air, water, and 
soil and innumerable varieties of plants, animals, and men. Compared with 
our knowledge of other agencies that affect life, such as light and heat, our 
knowledge of ionizing radiation is recent. In the seant 60 years since the dis 
covery of radiation, there has not been time enough for biologists satisfactorily 
to explore its effect on life. Strontium 90, the chief source of fallout radiation, 
is an element only recently made by man; there has been little time to study it 
in the laboratory or to analyze the consequences of its intrusion into nature 
Finally, the major hazards of radiation—cancer and genetic mutation—are 
perhaps the most difficult unsolved problems of modern biology. Until the basic 
causes of these processes become more clear, the effects of radiation will be but 
poorly understood. 

In this situation the available facts are often not sufficient to support ot 
contradict conclusively a given explanatory idea; therefore, opposing theories 
will for the time flourish together. This accounts for some of the disagreement 
among scientists’ estimates of the probable biological hazard of fallout radiation. 

In part, our present troubles derive from the unequal pace of the develop- 
ment of physics and biology. We understand nuclear energy well enough to 
explode great quantities of radioactive materials into the atmosphere. But our 
present knowledge of biology and its attendant sciences is not adequate for con- 
cae with the difficulties that follow when the radioactive dust settles back 
o earth. 

The remedy is apparent if not easy: more research. Witnesses at the con 
gressional hearings as well as the earlier report of the National Academy of 
Sciences Radiation Committee have emphasized the urgent need for more in- 
formation. The required research will be costly, and much of it needs to be 
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started at once, before continuing fallout permanently obscures the needed data. 
Following the recent hearings, the Atomic Energy Commission decided to ex- 
pand its studies of fallout. But our total effort does not yet either approach the 
scale demanded by the whole problem or reflect sufficient participation on the 
part of the university laboratories concerned with basic biological research. 

Another source of difficulty is that what is known about fallout hazards has 
not been fully communicated to the scientific community. Originally this prob- 
lem arose from the association of fallout data with military operations that were 
closely regulated by security measures. In recent years considerable data on 
worldwide fallout appear to have been declassified and are now open to free 
communication among scientists (5). Nevertheless, the scientific community 
has not fully appreciated this change and still takes a gingerly approach to 
these areas of fact. 

All scientists are aware that the spread of manmade radioactive isotopes, 
especially from fallout, is causing progressive changes in the radioactivity levels 
of air, water, soil, milk, and plant and animal tissues. Apart from the matter of 
possible medical hazards, this process has significant effects on various scientific 
endeavors, such as dating methods and isotope geology and ecology, and creates 
many opportunities for new insight into a broad range of terrestrial events. For 
these reasons, one would think that the spread of radioactivity would be followed 
closely by the scientific community and that data would be collated systemati- 
cally with respect to location, origin, and time and published in a form easily 
accessible to all scientists. This has not yet been done. Of course, the Atomic 
Energy Commission makes numerous measurements relative to its own activities 
and supports projects for studying worldwide radioactivity levels in various 
materials. Some of the results appear in separately published reports, and in 
vecasional papers in scientific journals. But the available information is no 
where brought together in an integrated, graphic form that reaches scientista 
generally—and especially those with no immediate interest in the information 
Without such unified publication, gaps in the present data-gathering activities 
may go unnoticed and fail to attract the attention of investigators who might 
otherwise enter into the work. 

Such gaps appear to exist. The first intensive survey of the U.S. Publie 
Health Service has been determining radioactive pollution of air at 40 stations 
throughout the United States for several years. However, the Public Health 
Service pilot program for a nationwide survey of radioactivity in milk was 
begun only in April 1957. The data from this program’s monthly analyses 
of milk from six locations in the United States have not yet been published. 
Comparably detailed studies of plant and animal tissues do not yet seem to be 
in the process of being made. Apart from intensive work by the Japanese, we 
seem to receive relatively little information about radioactivity levels elsewhere 
in the world. The Atomic Energy Commission reported receipt of the first 
fallout data from Soviet investigators in December 1957 (6). 

The inadequacies which decisionmakers now find in basic and operational 
information about fallout hazards are, then, in part due to the lack of detailed, 
integrated, continuing data published in a form capable of enlisting the interest 
of the entire scientific community in this pervasive problem. We need to recall 
that the development of a scientific truth is a direct outcome of the degree of 
communication which normally exists in science. As individuals, scientists are 
no less fallible than any other reasonably cautious people. What we call a sci- 
entific truth emerges from investigators’ insistence on free publication of their 
own observations. This permits the rest of the scientific community to check 
the data and evaluate the interpretations, so that eventually a commonly held 
body of facts and ideas comes into being. Any failure to communicate informa- 
tion to the entire scientific community hampers the attainment of a common 
understanding. 

In sum, the fallout question has not yet become an integral part of the freely 
flowing stream of information which is the vehicle of scientific progress, The 
remedy is apparent and, for scientists, traditional: more and better publication 
in readily available journals. Can we not establish a systematic method of 
continuously reporting integrated information on worldwide levels of fallout 
radioactivagy ? 

SOURCE OF PUBLIC CONFUSION 


What is the source of public confusion on the fallout problem? In the past 
few years, and especially during the last presidential campaign, the public has 
become aware of a political cleavage on the wisdom of continued testing of 
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nuclear weapons. Political controversy is a natural, expected, and welcome part 
of public affairs in this country. What appears to trouble the public is not that 
political opponents have disagreed on the nuclear test issue but that the opinions 
of scientists have been marshaled on both sides of the debate. This appears 
to violate science’s traditional devotion to objectively ascertainable truth. 

This division is in part due to the factual uncertainties that have already 
been discussed, and the public concern may reflect an awareness of these un- 
certainties. However, this difficulty results as well from some confusion con- 
cerning the scientists’ two roles in these matters. As a student and interpreter 
of nature, the scientist can explain to the public what consequences may result 
from a given policy that affects nature. As an informed citizen, the scientist 
has the right and the obligation shared by all citizens to form and express an 
ethical judgment on the wisdom of enduring that policy. Estimation of the 
probable damage to health that might result from the continuation of nuclear 
weapons tests is a scientific question. But there is, I believe, no scientific way 
to balance the possibility that a thousand people will die from leukemia against 
the political advantages of developing more efficient retaliatory weapons. This 
requires a moral judgment in which the scientist cannot claim a special com- 
petence which exceeds that of any other informed citizen. 

The key word is “informed.” Scientists as a group were the first citizens to 
express opinions on the wisdom of continued testing because they were naturally 
the first to acquire the facts about the possible hazards of fallout. It is only 
the lag in the spread of the necessary information to the rest of our citizens 
that has given the scientists their apparent monopoly on these opinions. 

These observations lead to two conclusions. In the first place, scientists must 
take pains to disclaim any special moral wisdom on this matter. I do not 
mean to suggest that scientists stop expressing their opinions on this question. 
On the contrary, so long as the scientists remain the only group well informed 
about the hazards of fallout, it is essential that they form their judgments, ex- 
press them, and keep the moral debate before the public. But we must not 
allow this issue, by default, to rest in the hands of the scientists alone. A 
question of this gravity cannot be handed over for decision to any group less 
inclusive than our entire citizenry. 

The second conclusion is now self-evident: the public must be given enough 
information about the need for testing and the hazards of fallout to permit 
every citizen to decide for himself whether nuclear tests should go on or be 
stopped. It is the natural task of the scientists and their professional organi- 
zations to bring the necessary facts and the means for understanding them 
to the public. For some years the American Association for the Advancement 
of Science has recognized this kind of public responsibility, and scientists seem 
generally ready to assume it. 

The National Academy of Sciences report is a good example of what can 
be done to inform the public about radiation generally. However, that report 
was only partly concerned with the fallout problem and in this respect is now 
outdated by the recent congressional hearings. 

What we need now is to marshal the full assemblage of facts about fallout, 
their meaning and uncertainties, and report them to the widest possible audi- 
ence. This is not an easy task. It is much simpler to publicize conclusions 
alone, and have them accepted not because their factual origin is fully under- 
stood but because they carry the authority associated with science. 

It seems to me that we dare not take this easy way out. Unless the public 
has sufficient information to provide a reasonable basis for independent judg- 
ment, them oral burden for the future effects of nuclear testing will rest on 
some smaller group. And no such group alone has the wisdom to make the 
correct choice or the strength to sustain it. Unless the public is made aware 
of the gaps and the uncertainties in our present knowledge about fallout, we 
cannot expect it to support the expensive research needed to minimize them. 
Without public understanding and support, no Government policy can long 
endure. 

Here then is our challenge. Can we, as scientists, with the help of our pro 
fessional organizations, find a way to inform the public about these gpgat issues? 
The raw material for such an educational campaign is available the volu- 
minous report of the congressional hearings. We can distill from this material 
the essential facts and ideas and bring them to the people through the media 
of public communication: radio and television, newspaper articles, and widely 
distributed pamphlets. 
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In sum, here are the task which the fallout problem imposes upon us. Re 
search into the hazards of fallout radiation needs to be more fully and widely 
published so that the scientific community will be constantly aware of the 
changes which worldwide radiation is making in the life of the planet and its 
inhabitants. This knowledge must be at the ready command of every scientist, 
so that we can all participate in the broad educational campaign that must be 
put into effect to bring this knowledge to the public. If we succeed in this we 
will have met our major duty, for a public informed on this issue is the only 
true source of the moral wisdom that must determine our Nation’s policy on 
the testing—and the belligerent use—of nuclear weapons. 

There is a full circle of relationships which connects science and society. 
The advance of science has thrust grave social issues upon us. And, in turn, 
social morality will determine whether the enormous natural forces that we 
now control will be used for destruction—or reserved for the creative purposes 
that alone give meaning to the pursuit of knowledge. 
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BIBLIOGRAPHY 
RADIQACTIVE FALLOUT 


Introduction 


This literature search was compiled to fill a specific request by the Joint 
Committee. It is being issued in report form because of the general interest 
in its subject. 


Included are 51) references on dispersal and fallout of radioactive debris 
from nuclear explosions. It supplements the bibliography cited in the 
1957 Congressional Fallout Hearings. 


The references are divided into three parts: AEC reports, non-AEC reports, 
and published articles. Report references are arranged alphabetically by 
corporate author and alphanumerically by report number. Published references 
are arranged alphabetically by title. 


The reports referenced in the first part (AEC reports) can be examined at 

the AEC depository libraries listed in each issue of Nuclear Science Abstracts, 
They can also be purchased from the Office of Technical Services (OTS), 
Department of Commerce, Washington 25, De Ce A full size printed copy is 
available for the reports having a single price listed; other reports are 
available as photostat (ph) or microfilm (mf) copies. If no price is shown, 

a quotation may be obtained by writing OTS. In addition, microcopies of 
these reports may be available. Requests concerning the purchase of 


unclassified ABC reports in this form should be directed to the following 
organizations: 


Microcard Foundation Readex Microprint Corporation 
P. O. Box 2145 100 Fifth Avenue 
Madison 5, Wisconsin New York 11, New York 


A few of the non-AET reports are available either from OTS (see above), fron 
the British Information Service (BIS), 45 Rockefeller Plaza, New York, N. Ye, 
or from the Scientific Document Distribution Office, Atomic Energy of Canada 
Limited (AECL), Chalk River, Ontario, Canada, but information concerning the 


availability of non-AEC reports generally will have to be sought from the 
issuing agencies. 


Journals are cited for each of the published references. 


AEC Reports 
Argonne National Lab., Lemont, Ill. 


THE INFLUENCE OF STRONTIUM-90 UPON LIFE SPAN AND NEOPLASMS OF MICE. Miriam P. 
Finkel, Birute 0. Biskis, and Gertrude M. Scribner. llp. (A/CONF.15/P/911) 
(UNCLASSIFIED) $0.50(OTS). 
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Argonne National Lab., Lemont, Ill. 


RADIOLOGICAL PHYSICS DIVISION SEMIANNUAL REPORT FOR JULY THROUGH DECEMBER 
1957. Feb. 1958. 230p. (ANL-5829) UNCLASSIFIED $5.50(OTS). 


RADIOLOGICAL PHYSICS DIVISION SEMIANNUAL XEPORT FOR JANUARY THROUGH JUNE 1958. 
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Ure, comp. Feb. 14, 1958. 8p. (WASH-1005) UNCLASSIFIED. 


Brookhaven National Lab., Upton, N. Ye 


BEPOSURE CRITERIA FOR ESTIMATING THE CONSBQUENCES OF A CATASTROPHE IN A 
NUCLEAR PLANT. Js Be He Kuper and F. P. Cowan. 1l2p. (a/CONF.15/P/430) 
UNCLASSIFIED $0.50(OTS). 


QARTERLY PROGRESS REPORT FOR JULY 1 - SEPTEMBER 30, 1957. 5S6p. (BNL-473) 
UNCLASSIFIED $1.75(OTS). 


THE DISTRIBUTION OF FALLOUT ACTIVITY IN RAINFALL AT BROOKHAVEN NATIONAL LABORA- 
TORY, JUNE TO SEPTEMBER 1957. FF. P. Cowan and J. Steimers. Mar. 1958. 9p. 
(BNL-496) UNCLASSIFIED $0.50(OTS). 


THE ACCUMULATION OF RADIOACTIVE FALLOUT ON TYPICAL MATERIALS OF CONSTRUCTION. 
Fe P. Cowan. Mar. 1958. 10p. (BNL-497) UNCLASSIFIED $0.50(OTS). 
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Rall, dustin Lowery, Sven A. Bach, Branford Cannon, Edwin L. Carter, Maynard 
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RESEARCH AND DEVELOPMENT ACTIVITIES Ili THE FIELD OF RADIOLOGICAL SCIENCES 
QARTERLY PROGRESS REPORT FOR OCTOBER - DECEMBER 1957. J. W. Healy, ed. Feb. 
12, 1958. Decl. May 12, 1958. 43p. (HW-54938) UNCLASSIFIED $6.30(ph OTS); 
$3.00(mf OTS). 


General Mills, Inc., Winneapolis. 


UPPER ATMOSPHERE WONITORING PROGRAM - PHASES I AND II. Quarteriy Report 
Covering Period January 1, 1957 thru April 1, 1957. (Report 1695). Sidney 
Stern, William Zeller, Alfred Scheckman, Robley Stuart, and Sam Jones. Apr. 
30, 1957. 55pe Project 89125. (AECU-3680) UNCLASSIFIED $9.30(ph OTS); 
$3.60(mf OTS). 


UPPER ATMOSPHERE ONITORING PROGRAM - PHASES I AND II. Progress Report No. 2 

Covering Period April 1, 1957 thru October 1, 1957. (Report No. 1798). Sidney 
Stern, William Zeller, Alfred Schecknan, Robley Stuart, and Sam Jones. Nov. ll, 
1957. Project 89125. (AECU-3681) UNCLASSIFIED $9.30(ph OTS); $3.60(mf OTS). 


UPPER ATMOSPHERE WONITORING PROGRAiw Quarterly Report Covering Period February 

1, 1958 thru June 30, 1958. Report No. 1884. Sidney Stern, Lee Torgeson, Stephm 
Rohrbough, Bruce Johnson, Carl Peterson, and Rex Wood. Nov. 7, 1958. S5lp. 
Project No. 89125. (AECU=-3904) UlICLASSIFIED $9.30(ph OTS); $3.60(mf OTS). 
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General Mills, Inc., Minneapolis. 


UPPER ATMOSPHERE MONITORING PROGRAM. Progress Report Covering Period July 1 
to October 30, 1958. Report No. 1890. Sidney C. Stern, L. Torgeson, and 


He. Zeller. Jan. 1, 1959. 4lp. Project No. 89125. (AECU-3974) UNCLASSIFIED 
$6.30(ph OTS); $3.00(mf OTS). 


Idaho Operations Office. Health and Safety Dive, AEC and Tennessee. Univ., 
Memphis. oll. of Medicine. 


BIOLOGICAL MONITORING OF RECENT AIR-BORNE FISSION PRODUCTS. N. R. French and 
L. Van Middleworth. 7p. (A/CONF.15/P/2497) UNCLASSIFIED $0.50(OTS). 


Illinois Inst. of Tech., Chicago. Armour Research Foundation. 


EFFICIENCY OF SCAVENGING DEVICES USED IN DETERMINING FALLOUT. Progress Report 
No. 5 for February 1, to March 15, 1957. John Rosinski. 14p. ARF Project 
C-082. (AECU-3435) UNCLASSIFIED $3.30(ph OTS); $2.40(mf OTS). 


EFFICIEWCY OF SCAVENGING DEVICES USED IN DETERMINING FALLOUT. Scientific 
Report No. 1. (Report No. 4). Jan Rosinski. Jan. 25, 1957. 130p. ARF 
Project No. C-082. (AECU-3486) UNCLASSIFIED $%.25(OTS). 


EFFICIENCY OF SCAVENGING DEVICES USED IN DETERMINING FALLOUT. Progress Report 
No. 6 for March 15 to July 31, 1957. John Rosinski. Sept. 23, 1957. 40p. 
ARF Project C 082. (AEBCU-3547) UNCLASSIFIED $6.30(ph OTS); $3.00(mf OTS). 


EFFICIENCY OF SCAVENGING DEVICES USED IN DETERMINING FALLOUT. Report No. 7 


(Final). Jan Rosinski. Feb. 24, 1958. 29p. ARF Project C 082. (AECU-3666) 
UNCLASSIFIED $1.00(OTS). 


PRELIMINARY STUDIES OF SCAVENGING SYSTEMS RELATED TO RADIOACTIVE FALLOUT. 


Report No. 3 (Letter Report) for August 1 to October 1, 1958. John D. Stockham. 
Oct. 22, 1958. 7p. ARF Project C 127, (ABCU-3880) UNCLASSIFIED $1.80(ph OTS); 


$1.80(mf OTS). 


PRELIMINARY STUDIES OF SCAVENGING SYSTEMS RELATED TO RADIOACTIVE FALLOUT. 
Report No. 1 (Letter Report) for April 1 = June 1, 1958. J. Stockham and 
John Rosinski, June 12, 1958. 5p. (M-6624) UNCLASSIFIED. 


PRELIMINARY STUDIES OF SCAVENGING SYSTES RELATED TO RADIOACTIVE FALLOUT. 


(Letter Report No. 2) for June 1 - August 1, 1958. J. Stockham and J. Rosinski. 


Aug. 7, 1958. 6p. (M6677) UNCLASSIFIED. 


Knolls Atomic Power Lab., Scnenectady, N. Ye 


RADIOLOGICAL DEVELOPMENT ACTIVITIES IN THE HEALTH PHYSICS UNIT. 


Semiannual 
Progress Report for July - December 1955. 


Le J. Cherubin and J. J. Fitzgerald. 


Changed from OFFICIAL USE ONLY June 3, 1957. 52p. (K&PL-1572) UNCLASSIFIED 
$0.45(OTs). 
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Los Alamos Scientific Lab., N. Mex. 


1 MECHANISMS OF FRACTIONATION. J. Le Magee. Nov. 16, 1953. Decl. Noy. 7, 
1958. 15p. (LADC-2840) UNCLASSIFIED. 


New York Operations Office. Health and Safety Lab., AEC. 


s EXTERNAL ENVIRONMENTAL RADIATION MEASUREMENTS IN THE UNITED STATES. L. R. 
Solon, We M. Lowder, A. V. Zila, H. D. LeVine, H. Blatz, and M. Bisenbud. 
l6p. (A/CONF.15/P/740) UNCLASSIFIED $0.50(OTS). 

ind 

A PROCEDURE FOR THE ACID EXTRACTION AND ANALYSIS OF STRONTIUM 90 IN SOIL. 

Gerald H. Hamada and Edward P. Hardy, Jr.; WITH A RSCOLENDED METHOD FOR 

SOIL SAMPLING. Lyle T. Alexander. Apr. 7, 1958. 32p. (HASL-33) 

UNCLASSIFIED $6.%30(ph OTS); $3.00(mf OTS). 


ort | ENVIRONMENTAL CONTAMINATION FRO WEAPOU TESTS. Oct. 1958. 370p. (HASL-42) 
UNCLASSIFIED $3.50(OTS). 
Included in this report are NYO-4753(Suppl. 2); A/AC.82/G/R; AERB-HP/R- 
2353; ABRS-HP/R-2354; AERE-HP/M-126; and NYO-4889. 


STRONTIUM PROGRAM QUARTERLY SUMMARY REPORT. Edward P. Hardy, Jr. and Stanley 
Klein. Nov. 19, 1958. (HASL-51) UNCLASSIFIED. 


rt STRONTIUM PROGRAM QUARTERLY SUMMARY REPORT. Edward P. Hardy, Jr. and Stanley 
Klein. Feb. 24, 1959. 109p. (HASL-55) UNCLASSIFIED. 


HASL AERIAL SURVEY SYSTEM. M. E. Cassidy, R. T. Graveson, and H. D. LeVine. 
July 29, 1957. 58p. (NYO-2071) UNCLASSIFIED $1.75(OTS). 

6) 
ANNOTATED BIBLIOGRAPHY ON LONG RANGE BFFECTS OF FALLOUT FROM NUCLEAR EXPLOSIONS. 
Allen G. Hoard. Nov. 1957. 23p. (NYO-4753(Suppl.2)) UNCLASSIFIED $0.75(OTS). 


18m. ANNOTATED BIBLIOGRAPHY Ol LONG RANGE EFFECTS OF FALLOUT FROM NUCLEAR EXPLOSIONS. 
OTs ); Allen G. Hoard. Oct. 1958. 30p. (NYO-4753(Suppl. 3)) UNCLASSIFIED $0.75(OTS). 


METHOD OF CALCULATING INFINITY GAMMA DOSE FROM BETA MEASUREMENTS ON GUMMED 
FILM. Naomi A. Hallden and John H. Harley. Apr. 15, 1957. 37p. (NYO-4859) 
UNCLASSIFIED $1.00(OTS). 


SUMMARY OF ANALYTICAL RESULTS FROM THE HASL STRONTIUM PROGRAZ, JULY THROUGH 
DECEMBER 1956. John H. Harley, Edward P. Hardy, Jr., Ira B. Whitney, and 
ki. Merril Eisenbud, Mar. 15, 1957. 44p. (NYO-4862) UNCLASSIFIED $1.25(OTS). 


A STUDY OF FALLOUT IN RAINFALL COLLECTIONS FROM MARCH THROUGH JULY 1956. 
William R. Collins, Jr. and Naomi A. Hallden. Apr. 30, 1957. 27p. (NYO-4889) 
UNCLASSIFIED $4.80(ph OTS); $2.70(mf OTS). 








2586 FALLOUT FROM NUCLEAR WEAPONS TESTS 


Oak Ridge National Lab., Tenn. 


STRONTIUN-90 AND CESIUM-137 UPTAKE BY VEGETATION UNDER NATURAL CONDITIONS, 
S. I. Auerbach and D. A. Crossley, Jr. 14p. (&/CONF.15/P/401) UNCLASSIFIDD 
$0.50(0TS). 


Sandia Corp., Albuquerque, N. Mex. 





THE PROBABILITY DISTRIBUTION OF FALLOUT PATTERNS DUE TO WI") VARTABILITY. 
T. B. VanZandt. Mar. 1, 1957. 10p. (ECU-3494; TM-118-57-51) UNCLASSIFID 
$1.80(ph OTS); $1.80(mf OTS). 


ESTIMATING SAFETY PROBABILITIES FROM FALLOUT FORECASTS FOR NEVADA TEST SITE. 
Jack W. Reed. Feb. 1957. 23p. (SC-4073) UNCLASSIFIED $4.80(ph OTS); 
$2.70(mf OTS). 


PROGRAM FOR COMPUTING PROBABILITIES OF FALLOUT FROM A LARGE-SCALE THERJONUCLEAR 
ATTACK. W. We. Bledsoe. Apr. 29, 1957. 64p. (SC-4109(TR)) UNCLASSIFIED. 


DISPERSAL OF FALLOUT BY MEANS OF A HEAT SOURCE. Kenneth L. Shipley. Mar. 1958, 
20p. (SC-4153(TR)) UNCLASSIFIED $3.30(ph OTS); $2.40(mf OTS). 


FALLOUT FROM A HYPOTHETICAL 1-MT SURFACE BURST AT ALBUQUERQUE. L. J. Vortman. 
Mar. 10, 1957. 7p. (SCTM-80-57(51); M-6196)) UNCLASSIFIED $1.80(ph OTS); 
$1.80(mf OTS). 
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Univ., Salt Lake City Radiobiology Lab. 





ANNUAL PROGRESS REPORT. Mar. 31, 1957. 177p. (ABCU-3522) UNCLASSIFIDD 
$27.30(ph OTS); $8.10(mf OTS). 


SEMI-ANNUAL PROGRESS REPORT, Sept. 30, 1957. 129p. (AECU-3583) UNCLASSIFIED 
$19.80(ph OTS); $6.30(mf OTS). 


ANNUAL PROGRESS REPORT. C. N. Stover, Jr., ed. Mar. 31, 1958. 192p. (CO0-215) 
UNCLASSIFIED $28.80(ph OTS); $8.40(mf OTS). 


SEMI-ANNUAL PROGRESS REPORT. C. N. Stover, Jr., ed. Sept. 30, 1958. 184p. 
(CO0-217) $28.80(ph OTS); $8.40(mf OTS). 


Washington. Univ., Seattle. Applied Fisheries Lab. 


SURVEY OF RADIOACTIVITY IN THE SEA AND IN PELAGIC MARINE LIFE WEST OF THE 
MARSHALL ISLANDS, SEPTEMBER 1-20, 1956. Allyn H. Seymour, Edward E. Held, 
Frank G. Lowman, John R. Donaldson, and Dorothy J. South. Mar. 15, 1957. 63p. 
(UWFL-47) UNCLASSIFIED $1.75(OTS). 
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Washing ton. Univ., Seattle. Applied Fisheries Lab. 


RADIOACTIVITY IN THE REEF FISHES OF BELLE ISLAND ENIWETOK ATOLL APRIL 1954 
TO NOVEMBER 1955. Arthur D. Welander. May 17, 1957. 42p. (UWFL-49) 
UNCLASSIFIED $1.25(0TS). 


LAND CRABS AND RADIOACTIVE FALLOUT AT ENIWETOK ATOLL. Edward E. Held. May 27, 
1957. 39p. (UWFL-50) UNCLASSIFIED $1.25(0Ts). 


THE OCCURRENCE AND DISTRIBUTION OF RADIOACTIVE NON-FISSION PRODUCTS IN PLANTS 
AND ANIMALS OF THE PACIFIC PROVING GROUND. Frank G. Lownan, Ralph F. Palumbo, 
and Dorothy J. South. June 12, 1957. 67p. (UWFL-51) UNCLASSIFIED §$2.00(OTS). 


RADIOACTIVITY OF INVERTEBRATES AND OTHER ORGANISMS AT ENIWETOK ATOLL DURING 
1954-55. Kelshaw Bonham. Jan. 6, 1958. 55p. (UWFL-53) UNCLASSIFIED 
$1.50(0TS). 


RADIONUCLIDES IN PLANKTON NEAR THE MARSHALL ISLANDS, 1956. Frank G. Lowman, 
Feb. 14, 1958. 34p. (UWFL-54) UNCLASSIFIED $1.00(0TS). 


RADIOBIOLOGICAL STUDIES OF THE FISH COLLECTED AT RONGEIAP AND ALINGINAE ATOLLS, 
JULY 1957. arthur D. Welander. Mar. 5, 1958. 33p. (UWFL-55) UNCLASSIFIED 
$1.00(OTS). 


THE OCCURRENCE OF ANTIMONY-125, EUROPIUM-155, IRON-55, AND OTHER RADIONUCLIDES 
IN RONGELAP ATOLL SOIL. Ralph F. Palumbo and Frank G. Lowman. Apr. 7, 1958. 
27p. (UWFL-56) UNCLASSIFIED $1.00(OTS). 


erations Office. Research 









ALIGNMENT CHARTS FOR SHAPE PARAMETERS OF ATMOSPHERIC DIFFUSION AND DEPOSITION 
PATTERNS. Frank Gifford, Jr. Sept. 1958. 8p. 2 illus. (QRO-176) UNCLASSIFID 
$0.50(OTS). 


Westinghouse Electric Corp. Bettis Plant, Pittsburgh. 





PRE-OPERATIONAL RADIATION SURVEY OF THE SHIPPINGPORT ATOMIC POWER STATION SITE 
AND SURROUNDING AREA. Jan. 1958. 88p. (WAPD-CTA(IH)-208)) UNCLASSIFIED 
$13.80(ph OTS); $4.80(mf OTS). 
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Non-AEC Reports 


Air Force Special Weapons Center, Kirtland AFB, N. Mex. 


LIMITS FOR RADIATION CONTROL AND RELEASE OF AIR FORCE MATERIAL CONTAMINATED 
WITH FISSION PRODUCTS. James L. Dick and William R. Hurdlow. Apr. 1958. 
42p. (AFSWC-TN-57-30; AD-157163) UNCLASSIFIED. 


Atomenerg ikomissionen, Denmark. 


RADIOAKTIVITETEN I RIS# OMRRDET. (Radioactivity in the Riso District). 
K. Heydern, J. Lippert, and P, Theodorsson. Apr. 1, 1957. 87p. (NP-6672) 


LEVELS OF STRONTIUM 90 IN CANADA UP TO DECEMBER 1956. Feb. 1957. 16p. 
Available as AECL-659. (CRC-689) UNCLASSIFIED $0.50(ARCL). 


Australia. Commonwealth X-Ray and Radium Lab., “elbourne; Australia. 
Commonwealth Bureau of Meteorol » Melbourne; Australia. Cancer Inst. 


GLOBAL FALL OUT IN AUSTRALIA DURING THE PERIOD NOVEMBER 26, 1956 TO DECEMBER 
31, 1957. D. W. Keam, L. J. Dwyer, J. H. Martin, D.. J. Stevens, and E. W. 
Titterton. Apr. 22, 1958. Sp. (ANU/P-189) UNCLASSIFIED 


RADIOACTIVE FALLOUT IN AUSTRALIA FROM OPERATION BUFFALO. W. A. S. Butement, 
L. Je Dwyer, D. J. Stevens, L. H. Martin, and EB. W. Titterton. 1958. 32p. 
(NP-7177) UNCLASSIFIED. 


Brussels. Centre d' Btude de 1' inergie Nucleaire. 


LA MESURE DE LA RETOMBEER RADIOACTIVE AU C.E.N. RAPPORT TRIMESTRIEL D'AVANCEMENT. 
(Radiations Control. Measurement of the Radioactive Fall-out at the C.E.N. Tri- 


monthly Progress Report.) 8B. Vander Stricht. Aug. 20, 1958. 7p. (NP-7150) 
UNCLASSIFIED. 


California. Univ., Berkeley. Inst. of Engineering Research. 


ON THE SMALL-SCALE NON-HOMOGENEITY OF FALLOUT DEPOSITION. G. M. Corcos. 
Oct. 30, 1958. 55p. (NP-7207) UNCLASSIFID. 
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California. Univ., Richmond. Inst. of i i Research. 

COMPUTING PROCEDURE FOR DETERMINING ISO-INTENSITY AND ISO-DOSE CONTOURS 
RESULTING FROM RADIOACTIVE FALLOUT, FOR VARIOUS LEVELS OF PROBABILITY. R. C. 
Grassi. Jan. 15, 1958. 70p. Project CIVIL. (NP-7208) UNCLASSIFIED. 

A STUDY OF RADEF COMJUNICATIONS, STATE OF CALIFORNIA. R. C. Grassi andA. J. 
Gradwohl. April 25, 1958. 58p. (NP-7210) UNCLASSIFIED. 


Chemical Warfare Labs., Army Chemical Center, Md. 


DESCRIPTION OF AERIAL RADIOLOGICAL SURVEY METHODS. John P. Johnson and 
Manfred Moreenthau. July 12, 1957. 14p. Project 4-12-10-007-02. 
(CWLR-2174) UNCLASSIFIED. 


Chicago. Unive Enrico Fermi Inst. for Nuclear Studies. 
TRITIUM ASSAYS OF NATURAL WATERS MEASURED IN 1956-1957. F. Begemann. Dec. 


31, 1957. T7lp. (AFOSR-TR-58-41; AD-154131) UNCLASSIFIED. 

Denmark. Atomenergikommissionen. Fors 

ENVIRONMENTAL RADIOACTIVITY AT RISO, APRIL 1, 1957 - MARCH 31, 1958. A. 
Aarkrog and J. Lippert. June 1958. 110p. (RIsO-3) UNCLASSIFIED. 

Federal Civil Defense Administration, Battle Creek, Mich. 

EVALUATION OF CIVIL DBFEIJSE RADIOLOGICAL DEFENSE INSTRUMENTS. John H. Tolan. 


Apr. 1957. 57p. Project 38.3 of OPERATION TEAPOT. (WT-1190) UNCLASSIFIED 
$1.75(OTS). 


Gt. Brit. Home Office. Scottish Home Dept., Edinburgh. 


ASSESSMENT OF THE PROTECTION AFFORDED BY BUILDINGS AGAINST GAMMA RADIATION 
FROM FALLOUT. 1957. 18p. (NP-6459) UNCLASSIFIZD. 


Kansas. Univ., Lawrence. 


THE METABOLISM OF Sr9° ap 9° AND THE INFLUENCE OF LACTATION Oi RETENTION. 
Frank E. Hoecker and Edward I, Shaw. 5p. (A/CONF.15/P/1996) UNCLASSIFIED 
$0.50(OTS). 








2590 FALLOUT FROM NUCLEAR WEAPONS TESTS 


Naval Radiological Defense Lab., San Francisco. 


FALLOUT STUDIES AD ASSESSMENT OF RADIOLOGICAL PHENOMENA. Preliminary Report, 
Le Be Egeberg. Nov. 1957. 39p. Project 32.4 of OPERATION PLUUAB-BOB. 
(ITR-1465) UNCLASSIFIED $1.25(OTS). 


RADIOTOXICITY RESULTING FROM EXPOSURE TO FALLOUT SIMULANT. II. THE METABO- 
LISM OF AN INHALED AND INGESTED SIMULANT OF FALLOUT PRODUCED BY A LAND-BASED 
NUCLEAR DETONATION. S. He Cohn, W. B. Lane, J. Ke. Gong, Re Ke Fuller, and 
We Le Milne. Jan. 11, 1957. 29p. Project NM 006-015.04. (USNRDL-TR-118) 
UNCLASSI FIED. 


THE RELATIONSHIP OF TIME OF PEAK ACTIVITY FROM FALLOUT TO TIME OF ARRIVAL. 
P. D. LaRiviere. Feb. 28, 1957. 15p. (USNRDL-TR-137) UNCLASSIFIDD. 


A FALLOUT FORECASTING TECHNIQUE WITH RESULTS OBTAINED AT THE EJIWETOK 
PROVING GROUND. E. Ae Schuert. Apr. 3, 1957. 67p. Project NS 081-001. 
(USNRDL-TR-139) UNCLASSIFIED. 


INVESTIGATION AND CORRELATION OF SOME PHYSICAL PARAJETERS OF FALLOUT WATERIAL, 


W. Williamson, Jr. Mar. 28, 1957. 40Op. Project NS-081-001. (USNRDL-TR-152) 
UNCLASSIFIED. 


A TIME OF ARRIVAL DEVICE. K. F. Sinclair. May 14, 1957. 23p. Project iS 
088-001. (USNRDL-TR-154) UNCLASSIFIED. 


GLOVE BOX AND ASSOCIATED EQUIPMENT FOR THE REMOVAL OF RADIQACTIVE FALLOUT 
FROM HEXCELL COLLECTORS. A. E. Greendale and M. Honma. May 1, 1957. 
Project NS 088-001. (USNRDL-TR-157) UNCLASSIFIED. 


A METHOD FOR MEASURING WATER CONTENT OF AIR-BORNE SEA-SALT PARTICLES. N. H. 
Farlow. May 13, 1957. 16p. Project NS-081-001. (USNRDL-TR-168) UNCLASSI FID. 


PHYSICAL, CHEMICAL, AND RADIOLOGICAL PROPERTIES OF SLURRY PARTICULATE FALLOUT 
COLLECTED DURING OPERATION REDWING. N. He Farlow and We. R. Schell. May 5, 1957. 
19p. Project NS 088-001. (USNRDL-TR-170) UNCLASSIFIED. 


A STUDY OF MAXIMUM PERMISSIBLE CONCENTRATIONS OF RADIOACTIVE FALLOUT IN WATER 
AUD AIR BASED UPOl MILITARY EXPOSURE CRITERIA. J. D. Teresi and C. L. 
Newcombe. Aug. 27, 1957. 136p. Project NS 083-001. (USNRDL-TR-182) 
UNCLASSI FIED. 


THE NATURE OF INDIVIDUAL RADIOACTIVE FARTICLES. VI. FALLOUT PARTICLES FROMA 
TOWER SHOT, OPERATION REDWING. C. BE. Adams and J. D. O'Connor. Dec. 2, 1957. 
19p. (USNRDL-TR-208) UNCLASSIFIED. 


THE COMPOSITIONS, STRUCTURES, AND ORIGINS OF RADIOACTIVE FALLOUT PARTICLES. 
C. BE. Adams, N. H. Farlow, and We Re Schell. Feb. 3, 1958. 47p. (USNRDL-TR- 
209) UNCLASSIFIED. 
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Naval Radiological Defense Lab., San Francisco. 


A THEORY FOR CLOSE-IN FALLOUT. A. D. Anderson. July 23, 1958. 64p. 
(USNRDL-TR-249) UNCLASSIFIED. 





A WIND-MEASURING SYSTEM FOR TACTICAL FALLOUT PREDICTION. A. D. Anderson and 
W. EB. Strope. Sept. 3, 1958, 28p. (USNRDL-TR-253) UNCLASSIFIED. 


PROTECTING AND CLEANING HANDS CONTAMINATED BY SYNTHETIC FALLOUT UNDER FIELD 
CONDITIONS. R. He Black. Aug. 27, 1958. 23p. (USNRDL-TR-256) UNCLASSIFIED. 


Naval Research Lab., Washington, D. C. 





FALLOUT PROTECTION AFFORDED BY STANDARD ENLISTED MEN'S BARRACKS. C. W. 
lalich and Le 4. Beach. Jan. 7, 1957. 23p. Project NY 340-032. (NRL-4886) 
UNCLASSI FIED. 


ATMOSPHERIC RADIOACTIVITY ALONG THE SOTH MERIDIAN, 1956. Interim Report. L. B. 
Lockhart, Jr., Re Ae Baus, and I. H. Blifford, Jr. May 29, 1957. l6p. 
Projects NR-571-000 and NR-571-003. (NRL-4965; AD-139007) UNCLASSIFIED. 


RADIATION PROTECTION AFFORDED BY BARRACKS AND UNDERGROUND SHELTERS. C. W. 
Malich and L. A. Beach. Aug. 22, 1957. 48p. Project NY 340-032, (NRL-5017) 
UNCLASSI FIED. 


Norwegian Defence Research Establishment, Oslo. 


RADIOCHENMICAL ANALYSIS OF FALLOUT IN NORWAY. Monthly Communication No. l. 
H. Bergh, G. Finstad, L. Lund, O. Michelsen, and B. Ottar. May 1957. 8p. 
(KIR-175/57) UNCLASSIFIED. 


RADIOCHEMICAL ANALYSIS OF FALL-OUT IN NORWAY. Monthly Communication No. 2. 
He Bergh, G. Finstad, L. Lund, 0. Michelsen, and B. Ottar. June 1957. 9p. 
(KIR-176/57) UNCLASSIFIED. 


RADTOCHEMI CAL ANALYSIS OF FALLOUT IN NOXWAY. Monthly Communication No. 3. 
H 


i. Bergh, G. Finstad, L. Lund, 0. Michelsen, and B. Ottar. July 1957. 7p. 
(KIR-177/57) UNCLASSIFIED. 


RADIOCHEMICAL ANALYSIS OF FALLOUT IN NORWAY. ‘“Jonthly Communication No. 4. 
H. Bergh, G. Finstad, L. Lund, O. Michelsen, and B. Ottar. Sept. 1957. 9p. 
(KIR-183/57) UNCLASSIFIED. 


RADI OCHEMICAL ANALYSIS OF FALLOUT IN NORWAY. Monthly Comaunication No. 5. 
H. Bergh, G. Finstad, L. Lund, 0. Michelsen, and B. Ottar. Oct. 1957. 8p. 
(KIR-186/57) UNCLASSIFIED. 


RADIOCHEMICAL ANALYSIS OF FALLOUT IN NORWAY. Monthly Communication No. 6. 
H. Bergh, G. Finstad, L. Lund, Q. Wichelsen, and B. Ottar. Jan. 1958. 9p. 


(KIR-195/58) UNCLASSIFIED. 





9592 FALLOUT FROM NUCLEAR WEAPONS TESTS 


Pittsburgh. Univ. Graduate School of Public Health. Teck 
BRONCHOGENIC CARCINOMA FROM RADIOACTIVE PARTICULATES. Herman Cember. 12p,. RAD] 
(a/CONF.15/P/900) UNCLASSIFIED $0.50(OTS). PAR 
Cal 
195) 
Polish Academy of Sciences. Inst. of Nuclear Research, Warsaw. Fed 
MEASUREMENTS OF RADIOACTIVE FALLOUT IN WARSAW, POLAND, DURING THE YEAR 1957. 
Report No. 16/K doz. R. Szepke, Z. Gorberg, and B. Klimaszewska. Mar. 1958, Uni 
9p. (NP-6863) UNCLASSIFIED. “s 
MEASUREMENTS OF RADIOACTIVE FALLOUT AND AIRBORNE RADIOACTIVITY IN WARSAW THE 
AND CRACOW DURING THE YEAR 1957. 1958. 35p. (NP-7103) UNCLASSIFIED. ORG 


RAND Corp., Santa Monica, Calif. 


Uni 
CLOSE-IN FALLOUT. Sept. 30, 1957. 43p. (R-309(RAND)) UNCLASSIFIED. on 
NOTE ON THE Sr9° HAZARD. Albert L. Latter and Milton S. Plesset. Jan. 31, | TH 
1958. 14p. ‘(RM-1956(RAND); AD-150658)) UNCLASSIFIED. Pr 

90 
GRAPHICAL METHODS FOR THE QUANTITATIVE PREDICTION OF CLOSE-IN FALLOUT. Joseph 
B. Knox. Jan. 31, 1958. 127p. (RM-2108(RAND); AFSWP-1074)) UNCLASSIFIED. £ 
Ra 
Rio de Janeiro. Centro Brasileiro de Presquisas Fisicas. TH 
COBALT-60 FROM THERMONUCLEAR TESTS IN THB ATMOSPHERE. Luiz Marquez, Neyle 1s 
Leal da Costa, and Ivone G. de Almeida. May 22, 1958. 10p. (Notas de Fisica 
Vol. IV, No. 6). (NP-7022) UNCLASSIFIED. 7 
RADIOISOTOPES FROM FUSION IN RAIN WATER: Co°?, mm°*, anp co, L. Marquez, 5 
N. L. Costa, and I. G. Almeida. June 4, 1958. 7p. (Notas de Fisica Vol. IV, 
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GLOBAL DISTRIBUTION OF RADIOACTIVITY FROM NUCLEAR EXPIOSIONS WITH SPECIAL 
REFERENCE TO STRONTIUM. M. Eisenbud. J. Wash. Acad. Sei. 47, 180-8(1957). 


GLOBAL DISTRIBUTION OF STRONTIUM-90 FROM NUCLEAR DETONATIONS. M. Eisenbud. 
Sci. Monthly 84, 237-44(1957) . 


GLOBAL FALLOUT. R. E. Lapp. Bull. Atomic Scientists 11, 339-43(1955) Nov. 
GREAT DEBATE OPENS. N. Cousins. Saturday Review 40, 24(1957) June 15. 

HAS THE U.S. DEVELOPED CLEAN BOMBS? Sci. Digest 40, 62(1956) Oct. 

HAZARDS FROM FALLOUT. A.M. Brues. Metal Progr. 74, 120(1958) Nov. 


ON THE HAZARDS OF RADIATION FROM CONTINUOUS NUCLEAR BOMB TESTS. 0. I. 
Leipunskii. Atomnaya-Energiya 4, 63-70(1958) Jan. (In Russian) 


H-BOMB CONTAMINATION. Sci. News Letter 67, 134(1955) Feb. 26. 


H-BOMB FALLOUT FOUND WORLD-WIDE. Sci. News Letter 70, 205(1956) Sept. 29. 


A HIGH-SPEED COMPUTER FOR PREDICTING RADIOACTIVE FALLOUT. J. H. Wright, 
L. Taback, and H. K. Skramstad. J. Research Natl. Bur. Standards 58, 
101-9(1957) . 


HISTOLOGIC STUDIES OF SOME REACTIONS OF SKIN TO RADIANT THERMAL ENERGY. 


J. R. Hinshaw. Am. Soc. Mech. Engrs. - Paper 57-SA-21 for meeting June 9-13(1957). 
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HOT ANTLERS. Time 72, 67(1958) Nov. 17. 

HOT CLAMS. Time 69, 60(1957) Apr. 29. 

HOW DANGEROUS ARE THE BOMB TESTS? Time 69, 62(1957) June 3. 

HOW DANGEROUS IS FALLOUT? C. B. Hicks. Popular Mech. 106, 97-100(1956) Nov. 


OW DANGEROUS IS RADIOACTIVE FALLOUT? W. F. Libby and L. Pauling. Foreign 
Policy Bull. 36, 148-51(1957) June 15. 


HOW THE H-BOMBS SPREAD RADIOACTIVITY. A. P. Armagnac. Popular Sci. 166, 
144-5(1955) Apr. 


HOW TO TEST AND PURIFY WATER CONTAMINATED BY RADIOACTIVE FALLOUT FROM ATOMIC 
WEAPONS. Municipal Utilities 95, 23(1957) Mar. 


HUMANITARIAN BOMBS; MINIMUM WIDESPREAD FALLOUT. New Republic 135, 3-4(1956) 
July 30. 


HUMANITARIAN H-BOMB. R. E. Lapp. Bull. Atomic Scientists 12, 261-4(1956) Sept. 


HYDROGEN BOMB WARNING. Senior Scholastic 6, 13(1955) Mar. 2. 


IF YOU'RE STILL WONDERING ABOUT FALLOUT DANGER; ANSWERS FROM NATIONAL ACADEMY 
OF SCIENCES AND BRITISH MEDICAL RESEARCH COUNCIL. U.S. News World Rept. he, 
46-8(1957) June 21. 


IMMEDIATE RADIATIONS FROM NUCLEAR DETONATIONS. Gordon M. Dunning. J. Wash. 
Acad. Sci. 47, 189-95(1957). 


INCREASED ATMOSPHERIC RADIOACTIVITY IN THE NETHERLANDS AFTER THE WINDSCALE 
ACCIDENT. Joh. Blok, R. H. Dekker, and C. J. H. Lock. Appl. Sci. Research 7B, 
150-2(1958) . 


THE INFLUENCE OF ATOMIC EXPLOSIONS ON METEOROLOGICAL PROCESSES. E. K. Fedorov. 
J. Nuclear Energy 5, 135-45(1957). 


THE INFLUENCE OF ISOTOPIC AND NONISOTOPIC CARRIERS ON THE BEHAVIOR OF 
STRONTIUM-90 IN THE RAT. A. Catsch. Experientia 13, 312-13(1957). 


THE INFLUENCE OF RADIOACTIVE DUST ON EXPERIMENTAL PNEUMOCONIOSIS. K. Watanabe. 
Thoku J. Exptl. Med. 66, No. 2, 131-43(1957). 


INHALATION AND RETENTION OF SIMULATED RADIOACTIVE FALLOUT BY MICE. I. STUDY 
OF A SIMULANT OF FALLOUT FROM NUCLEAR DETONATION UNDER SEA WATER. Stanton E. 
Cohn, William B. Lane, Joseph K. Gong, John C. Sherwin, and Walter L. Milne. 
Arch. Ind. Health 14, 333-40(1956) Oct. 
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INTAKE OF RADIOACTIVE FISSION PRODUCTS BY PLANTS AND THEIR ACCUMULATION IN 
THE CROP DURING THE APPLICATION OF LIME, HUMUS, AND POTASH TO THE SOIL. 


I. V. Guliakin and E. V. Iudintseva. Timiryazev. Sel'skokhoz. Akad. Izvest. | 
(2), 121-40(1957) . 


INTERNAL DOSE FROM SHORT-LIVED RADIONUCLIDES. Karl Z. Morgan (Oak Ridge 
National Lab., Tenn.). p.149-60 in "The Shorter-Term Biological Hazards 

of a Fallout Field." Gordon M. Dunning and John A. Hilcken, eds. Washington, 
Atomic Energy Commission - Department of Defense, 1958. 236p. $1.75(GPO) 


INVESTIGATION OF RADIOACTIVE FALLOUT. Walther Gerlach, Ijse Zeising, and 
Klaus Stierstadt. Atomkern-Energie 2, 438-43(1957) Nov.-Dec. (In German) 


IODINE-131 FALLOUT IN BOVINE FETUS. L. Van Middlesworth. Science 128 
597-8(1958) Sept. 12. as ae 


IODINE-131 IN SHEEP BEFORE AND AFTER A NUCLEAR REACTOR ACCIDENT. L. Van 
Middlesworth. Nature 181, 256(1958). 


ISSUE OF FALLOUT. M. Amrine. Current History 33, 221-6(1957) Oct. 


LARGE EXPLOSIONS AND ATMOSPHERIC PHENOMENA. A. Kh. Khrgian. Priroda 46, 
No. 3, 31-7(1957) Mar. (In Russian) 


LAS LESIONES PRODUCIDAS POR LAS RADIACIONES. J. Lucas Gallego. Rev. cienc. 
apl. (Madrid) 11, No. 58, 385-92(1957) Sept.-Oct. 


LATEST FALLOUT REPORT. Sci. News Letter 70, 118(1956) Aug. 25. 





LETTER FROM THE EAST. E. B. White. New Yorker 32, 198-202(1956) Nov. 3. 


LETTUCE AND LOGIC. G.W. Johnson. New Republic 136, 8(1957) June 10; 
REPLY WITH REJOINDER. D. S. Seund. New Republic 157, 3(1957) July 29. 


LEVELS OF STRONTIUM-90 IN CANADA TO MAY 1956. W. E. Grummitt and E. ¥. 
Carruthers. Atomic Energy Can. Ltd., Chalk River Project, No. 678, 3p. (1958). 


LIFE WITH THE FALLOUT. Newsweek 49, 104(1957) June 10. 


LIMIT NUCLEAR TESTING; SCIENCE SERVICE GRAND JURY POLL. Sci. News Letter 70, 
259(1956) Oct. 27. Ci ke ae 


LIMITATION OF FISSIONABLE MATERIAL IN WEAPONS. A. S. Pinke. Bull. Atomic 
Scientists 13, 177-8(1957). | 


LOCALIZED DEATH? Commonweal 64, 434(1955) Aug. 3. 


LONG-LIVED COBALT ISOTOPES OBSERVED IW FALLOUT. Peter 0. Strom, James L. 
Mackin, Douglas Macdonald, and Paul E. Zigman. Science 128, 417-19(1958) Aug. 2. 
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LONG-TERM FALLOUT. Merril Eisenbud and John H. Harley. Science 128, 399-402 
(1958) Aug. 22. 


MAGNITUDE OF BIOLOGICAL HAZARD FROM STRONTIUM-90. H. B. Newcombe. Science 126, 
549-51(1957) « 


MAKE SYNTHETIC FALLOUT. Sci. News Letter 71, 198(1957) Mar. 30. 





MARSHALL ISLANDS; FORTUITOUS FALLOUT. Time JO, 18(1957) July 8. 


MATHEMATICAL AIDS IN THE UNDERSTANDING OF THE BIOLOGICAL HAZARDS OF RESIDUAL 
RADIATION. James T. Brennan (Walter Reed Army Medical Center, Washineton). 
p. 127-33 in "THE SHORTER-TERM BIOLOGICAL HAZARDS OF A FALLOUT FIELD." 
Gordon M. Dunning and John A. Hileken, eds. Washington, Atomic Energy 
Commission - Department of Defense, 1958. 236p. 91.75(GPO). 


MAXIMUM PERMISSIBLE INTERNAL DOSE OF RADIONUCLIDES: RECENT CHANGES IN 
VALUES. K. Z. Morgan. Nuclear Sci. Eng. 1, No. 6, 477-500(1956) Dec. 


MEASURED FALLOUT; CONTROL OF FALLOUT. Time 68, 61(1956) July 30. 


MEASUREMENT OF ARTIFICIAL RADIOACTIVITY IN THE ATMOSPHERE AT OTTAWA, CANADA. 
F. Terentiuk. Can. J. Phys. 36, 136-9(1958) Jan. 


MEASUREMENT OF ATMOSPHERIC RADIOACTIVITY. Jacques Freneau and Robert Quivy. 
Publs. assoc. ingrs. fac. polytech. Mons No. 4, 1-9(1957). 


MEASUREMENT OF THE RADIOACTIVITY OF THE AIR DURING A SEA VOYAGE TO AUSTRALIA. 
S. Skorka. Atomkern-Energie 3, 182-6(1958) May. (In German) 


MEASURING THE H-BOMB BY JAPANESE. Time 68, 46(1956) July 2. 


MEMORANDUM ON WEAPONS TESTS AND PEACEFUL USES OF THE ATOM. U.S. Dept. State 
Bull. 35, 706-9(1956) Nov. 5. 


MEN WHO REALLY KNOW ABOUT BOMB-DUST RADIATION: J. Poling. Better Homes and 
Gardens 35, 71(1957) May. 


METEOROLOGICAL FACTOR AFFECTING SPREAD OF RADIOACTIVITY FROM NUCLEAR BOMBS. 
T. Machta. J. Wash. Acad. Sci. 47, 169-79(1957). 


METEOROLOGY-FALLOUT AND WEATHERING. Lester Machta and Kenneth M. Nagler 
(U.S. Weather Bureau, Washington). p.3-11 in "THE SHORTER-TERM BIOLOGICAL 
HAZARDS OF A FALLOUT FIELD.” Gordon M. Dunning and John A. Hilcken, eds« 


ape Atomic Energy Commission-Department of Defense, 1958. 236p. 
1.75(SPO 


MICE, MEN, AND FALLOUT. THE POTENTIAL DANGER OF STRONTIUM-90 IS APPRAISED ON 
THE BASIS OF DATA FROM ANIMAL EXPERIMENTS. Miriam P. Finkel. Science 128, 
637-41(1958) Sept. 19. ee 
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MILK ALL OF US DRINK AND FALLOUT. Consumer Repts. 24, 102-3(1959) Mar. 


MODIFICATION OF RADIATION-INDUCED INJURY BY POST-TREATMENT WITH OXYGEN. 
R. S. Caldecott et al. Natl. Acad. Sci. of USA Proc. 43, 975-83(1957). 


MOLECULAR SIEVES ADSORB 1-131 FROM AIR. M. A. Wahlgreen and W. W. Meinke. 
Nucleonics 15, 156, 158, 160(1957). 


MONITORS RING A-BOMB TEST. Electronics 31, 13-14(1958) June 13. 


MORE FACTS NEEDED ON FALLOUT. N. Stanford. Foreign Policy Bull. 36, 163(1957) 
July 15. 


THE NATURAL PROTECTION OF SHEEP FROM EXTERNAL BETA RADIATION. C. C. Lushbaugh 
and John F. Spalding. Am. J. Vet. Research 18, 345-61(1957) Apr. 


NEW DANGERS OF H-BOMB; FALLOUT. Sci. News Letter 67, 147(1955) Mar. 5. 


NEW YORK CIVIL DEFENSE ENLISTS VOLUNTEER RADIO HAMS FOR FALLOUT REPORTS. 
American City Jl, 195(1956) May. 


NEXT DOOR TO GROUND ZERO. R. Friedman. Nation 185, 256-9(1957) Oct. 19. 
NEXT TO LAST WORDS. New Republic 136, 4(1957) May 6. 

NO MUTATIONS FROM RADIOACTIVE FALLOUT? Sci. Digest 40, 12(1956) Dec. 
NON-EXISTENT AVERAGE. Nation 185, 102(1957) Sept. 7. 

NOT-SO-CLEAN FALLOUT. Time 70, 68(1957) Nov. 25. 


NOTES AND COMMENT; CONTAMINATION OF EARTH'S ATMOSPHERE. New Yorker 31, 29(1955) 
Mar. 19. 


Sane COMMENT; STRONTIUM 90 IN NEW YORK CITY. New Yorker 33% 23 (1957) 
June 5. 


NUCLEAR LONG-RANGE FALLOUT IN SURFACE WATERS. C.G. Bell, Jr. Proc. Am. 
Soc. Civil Engrs. 83, (SA 5, No. 1400) 1-22(1957) Oct. 


NUCLEAR WEAPONS TESTS; STATEMENTS BY SCIENTISTS. Science 124, 925-6(1956) 
Nov. 9. 


NUCLEON-ANTINUCLEON POTENTIAL FUNCTIONS IN PSEUDOSCALAR MESON THEORY. 
John N. Hayes (Univ. of Wisconsin, Madison). Univ. Microfilms (Ann Arbor, 
Mich.), L. C. Card No. Mic 58-1904, 79p.; Dissertation Abstr. 18, 2164(1958). 


OBLIGATION TO TOMORROW. A. Schweitzer. Saturday Review 41, 21-8(1958) May 24. 
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OBSERVATIONS OF UNUSUAL RADIOACTIVITY IN PRECIPITATIONS WHICH FELL IN 
BEBRECEN BETWEEN APRIL 22-DECEMBER 31, 1952. Szalay Sdndor and Berényi 
Dénes. Budapest, Magyar Todomanyos Akademia, 1955. 13p. (In Hungarian) 


OBSERVATIONS ON RADIOACTIVE CLOUDS FROM THE ATOMIC BOMB TESTS FOR THE YEARS 
1953-1954. A. Sittkus. Translated from Naturwissenschaften 42, 478-82(1955). 
lip. (AEC-tr-2947) 


OPEN LETTER TO DR. SCHWEITZER. W.F. Libby. Bull. Atomic Scientists 13, 
206-7(1957) June. en 


OUR NUCLEAR FUTURE, REVIEW. E. Teller and A. L. Latter. Bull. Atomic Scientists 
14, 235-6(1958) June. 


PERIL OF STRONTIUM 90. Time 69, 24(1957) Mey 6, 


PERSISTENCE OF RADIOACTIVE CONTAMINATION IN ANIMALS OF MARSHALL ISLANDS TWO 
YEARS AFTER OPERATION CASTLE. S. H. Cohn (U.S. Naval Radiological Defense 
Lab., San Francisco). p.211-18 in "THE SHORTER-TERM SIOLOGICAL HAZARDS OF A 
FALLOUT FIELD." Gordon M. Dunning and John A. Hilcken, eds. Washington, 
Atomic Energy Commission - Department of Defense, 1958. 236p. 91.75(GPO). 


PERSONNEL PROTECTION INSTRUMENTS FOR USE IN GAMMA IRRADIATION CELLS. 


E. W. Pulsford and C. C. H. Washtell. Nuclesr Power 2, No. 10, 58-61(1957) 
Fed. 


PILOTS PLAY TAG WITH ATOMIC CLOUDS; AT AIR FORCE SPECIAL WEAPONS CENTER, 
NEW MEXICO. Popular Sei. 167, 102(1956) Nov. 


PLANT UPTAKE OF STRONTIUM-90, YTTRIUM-91, RUBIDIMIM-106, CESIUM-137 AND 
CERIUM-144 FROM SOILS. E. M. Romney et al. Soil Sei. 83(5), 369-76/1957) 


LUTONIJM CONTAMINATION FOUND OFF-SITE FOLLCWING ONE-POINT DETONATIONS. 

M. W. Carter and O. R. Placak (U.S. Public Health Service, Las Vegas, Nev.). 
p. 185-7 in "THE SHORTER-TERM BIOLOGICAL HAZARDS OF A FALLOUT FIELD." 

Gordon M. Dunning and John A. Hilcken, eds. Washington, Atomic Energy 
Commission - Department of Defense, 1958. 236p. $1.75(GPO) 


POLARIZATION MEASURES RADIOACTIVE FALLOUT. Sci. News Letter 67, 168(1955). 
POLITICAL FALLOUT. Newsweek 49, 38(1957) June 17. 
THE POSSIBLE ATMOSPHERIC TRAJECTORIES OF RADIOACTIVE PRODUCTS FROM THE MARSHALL 


ISLANDS NUCLEAR EXPLOSIONS. D. A. Drogaitsev. Priroda No. 7, 78-80(1958). 
(In Russian) 


POTENTIAL HAZARD OF WORLD-WIDE Sr?° FALLOUT FROM NUCLEAR WEAPONS TESTING. 
Wright H. Langham. Health Physics 1, 105-24(1958) Sept. 
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THE PREPARATION AND BIOLOGICAL APPLICATION OF AIRBORNE SIMULANTS OF FALLOUT 
FROM NUCLEAR DETONATION. S. H. Cohn, W. B. Lane, J. C. Sherwin, J. K. Gong, 
and L. Weisbecker. J. Air Pollution Control Assoc. 7, 20-5(1957) May. 


PRESENCE OF STRONTIUM-90 IN SOILS AND VEGETATION IN THE SURROUNDINGS OF MOSCOW. 
P. M. Chulkov et al. Pochvovadenie (4), 28-34(1957) April. 


PROTECTION AGAINST FALLOUT RADIOACTIVITY. E. E. Massey. Can. Textile J. 75, 
No. 10, 59-61(1958) . a ot Tey 


PUBLIC HEALTH IMPLICATIONS OF SHORT TERM HAZARDS. J. G. Terrill, Jr. (U.S. 
Public Health Service, Washington). p.219-21 in "THE SHORTER-TERM BIOLOGICAL 
HAZARDS OF A FALLOUT FIELD." Gordon M. Dunning and John A. Hilcken, eds. 
Washington, Atomic Energy Commission - Department of Defense, 1958. 236p. 
$1.75(GPO) 


THE QUESTION AS TO WHETHER FOODSTUFFS AFFECTED BY IONISING RADIATIONS ARE 
DANGEROUS TO HEALTH. J. Kuprianoff. Translated by E. Wait from Deut. 
Lebensm. -Rundschau 1, 1- (1956). 13p. (AEC-tr-2681) 

RADIATION DANGERS; EXCERPT FROM RADIATION: WHAT IT IS AND HOW IT AFFECTS 
YOU, WITH EDITORIAL COMMENT. J. Schubert and R. Lapp. New Republic 136, 
8-13(1957) May 20. 


RADIATION, FALLOUT; A SELECTED LIST. E.M. Oboler. Library J. 83, 3069-70(1958) 
Nov. l. 


RADIATION HAZARDS; ABSTRACTS OF TWO PAPERS. W. Theimer and E. H. Graul. 
Engineering J. 41, 87(1958) Mar. 


RADIATION AND ITS HAZARDS. C.W. Shilling. Atomics and Nuclear Energy 9; 
198-201(1958) June. 


ITS FROM THE SKY; FALLOUT FROM TEST, MARCH 1, 1954. Time 65, 66(1955) June 20. 
RADIATION HAZARDS FROM FALLOUT AND X RAYS. Consumer Repts. 23, 484-8(1958) Sept. 


RADIATION: WHAT IT IS AND HOW IT AFFECTS YOU. Jack Schubert and Relph E. 
Lapp. New York, The Viking Press, 1957. 314p. 


RADIOACTIVE AEROSOLS. G. L. Natanson. Uspekhi Khim. 25, 1429-45(1956) Dec. 
(In Russian) 


RADIOACTIVE CARBON IN THE ATMOSPHERE PRODUCED BY ATOMIC EXPLOSIONS. K. 0. 
Munnich and J. C. Vogel. Naturwissenschaften 45, 327-9(1958). (In German) 


RADIOACTIVE CONTAMINATION OF THE ATMOSPHERE BY THE FALLOUT FROM NUCLEAR 
EXPLOSIONS. L. Jurkiewicz. Nucleonika 2, 657-66(1957). (In Polish) 
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RADIOACTIVE CONTAMINATION OF CERTAIN AREAS IN THE PACIFIC OCEAN FROM NUCLEAR 
TESTS. Gordon M. Dunning, ed. Washington, U.S. Atomic Energy Commission, 1957. 
60p. $0.40(GPO) 


RADIOACTIVE CONTAMINATION OF FOODS AND ANIMALS. E. P. Laug. Military Med. 123, 
No. 3, 216-27(1958). 


RADIOACTIVE CONTAMINATION OF FOODSTUFFS FROM FALLOUT AS A SOURCE OF ERROR IN 
SOME ANIMAL EXPERIMENTS. C. G. Clayton. Neture 179, 829-30(1957). 


RADIOACTIVE DUST IN THE AIR. N. Yano ard H. Neruse. Papers Meteorol. and 
Geophys. (Tokyo) 7, No. 1, 34-41(1956). (In English) 


RADIOACTIVE FALLOUT. Willard F. Libby. Proc. Natl. Acad. Sci. (U.S.) 43, 
758-75(1957) Aug. 


RADIOACTIVE FALLOUT. R. E. Lapp. Bull. Atomic Scientists ll, 45-51, 206-9(1955) 
Feb., June; New Republic 132, 8-1211955) Feb. 14; Sci. Digest 4p 73-9 (1955) 
May; Time 65, 25(1955) Feb. 21; New Republic 133, 35 ti555) Apr. 4. 


RADIOACTIVE FALLOUT COLLECTED IN TOKYO ON NOVEMBER 26, 1955. Y. Sugiura and 
T. Kanazawa. Papers Meteorol. and Geophys. (To YT, 128-35(1956). 


RADIOACTIVE FALLOUT FROM ATOMIC WEAPONS. F.C. Pace. Behind the Headlines 16, 
No. 5, 1-12(1556) Nov. $0.20 


RADIOACTIVE FALLOUT FROM BOMB CLOUDS. H. L. Andrews; REPLY. I. L. Ophel. 
Science 125, 399(1957) Mar. 1. 


IOACTIVE FALLOUT IN AUSTRALIA FROM OPERATION "MOSAIC." W. A. S. Butement, 
L. J. Dwyer, C. E. Eddy, L. H. Martin, and E. W. Titterton. Australian J. 
Sci. 20, No. 5, 125-35(1957) Dec. 

RADIOACTIVE FALLOUT IN GREAT BRITAIN. Science 122, 234(1955) Aug. 5. 


RADIOACTIVE FALLOUT IN NORWAY. T. Hvinden. Ukeblad 105, 999-907, 
921-9(1958) . 


RADIOACTIVE FALLOUT IN THE UNITED STATES. M. Eisenbud and J. H. Hartley. 
Science 121, 677-80(1955) May 13. 


RADIOACTIVE FALLOUT THROUGH SEPTEMBER 1955. M. Eisenbud and J. H. Harley. 
Science 124, 251-5(1956) Aug. 10. 


RADIO-ACTIVE FALLOUT AND ITS HAZARDS TO MAN. W. R. MeMurray. S. African Med. 
J. 31, No. 49, 1246-52(1957) Dec. 7. 


RADIOACTIVE FALLOUT AND RADIOACTIVE STRONTIUM. W. F. Libby. Science 123, 
657-60(1956) Apr. 20. 
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RADIOACTIVE FALLOUT. W. F. Libby. Remarks before Swiss Academy of Medical 
Sciences, Lausanne, Switzerland, March 27, 1958. 


RADIOACTIVE FALLOUT. W. F. Libby. Remarks delivered before the Spring 
Meeting of the American Physical Society, Washington, D.C. on April 26, 1957. 


RADIOACTIVE FALLOUT; WITH EDITORIAL COMMENT. W. F. Libby. Bull. Atomic 
Scientists 11, 256-60(1956) Sept. 


ON RADIOACTIVE HAILSTONES. I. H. Blifford, Jr., R. L. Patterson, Jr., L. B. 
Lockhart, Jr., and R. A. Baus. Bull. Am. Meteorol. Soc. 38(3), 139-41(1957). 


RADIOACTIVE PARTICLES IN HE ATMOSPHERE AT CINCINNATI, OHIO. R. Louis 
Bradshaw and Lloyd R. Setter. Public Health Repts. (U.S.) 75, 431-8(1958). 


RADIOACTIVE STRONTIUM FALLOUT. Mech. Eng. 78, 1097(1956) Dec. 
RADIOACTIVITY FROM RUSSIA. Time 66, 50(1956) Dec. 12. 


RADIOACTIVITY OF AIR CAUSED BY NUCLEAR BOMB TESTS. Artur Aron and Bernhard 
Gross. Z. Naturforsch. 12a, 944-5(1957). 


RADIOACTIVITY OF MILK (EDITORIAL). Am. Milk Rev. 19, 22(1957) February. 


RADIOACTIVITY OF PEOPLE AND FOODS. E. C. Anderson, R. L. Schuch, W. R. 
Fisher, and W. Langham. Science 125, 1275-8(1957). 


RADIOACTIVITY OF PEOPLE AND MILK: 1957. E.C. Anderson. Science 128, 
882-6(1958) Oct. 17. 


RADIO-CAESIUM IN DRIED MILK. D. V. Booker. Phys. in Med. Biol. 2, 29-35(1957) 
July. 


ON THE RADIOELEMENTS OF FISHES CONTAMINATED BY THE NUCLEAR BOMB TEST. 
M. Saiki. Japan Analyst 7(7), 443-9(1957). 


RADIOISOTOPES ON YOUR ROOFTOP. Luther B. Lockhart, Jr. J. Chem. Educ. 34, 
602-(1957) . 


RADIOLOGICAL DECONTAMINATION OF PAVEMENTS AND ROOFS. E. E. Shalowitz and 
W. F. Glover. Public Works 89, 138(1958) Feb. 


RADIOSTRONTIUM FALLOUT FROM CONTINUING NUCLEAR TESTS. Charles I. Campbell. 
Science 124, 894(1956) Nov. 2. 


RAIN SCAVENGING OF RADIOACTIVE PARTICULATE MATTER FROM THE ATMOSPHERE. 
S. M. Greenfield. J. Meteorol. 14, No. 2, 115-25(1957) Apr. 


RAPID METHOD FOR DATING NUCLEAR EXPLOSIONS. Sait Akpinar. WNucleonics 15, 
No. 7, 88-9(1957) July. 
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RATE OF ENTRY OF RADIOACTIVE STRONTIUM INTO PLANTS FROM SOIL. R. S. Russell ami 
¢. M. Milbourn. Nature 180(4581), 322-4(1957) Aug. 17. 
. 


REACTOR EXCLUSION AREAS; CAN THEY BE ELIMINATED? G. W. C. Tait. Nucleonics 16, 
m-3(1958) Jan. 


RELATIVE ATMOSPHERIC DIFFUSION OF SMOKE PUFFS. F. Gifford, Jr. J. Meteorol. 14, 
410-4 (1957) . 


REPORT ON RADIOACTIVE FALLOUT TRANSMITTED TO UNITED NATIONS. U. S. Dept. 
State Bull. 35, 326(1956) Aug. 20. 


REPORTER AT LARGE; FALLOUT. D. Lang. New Yorker 31, 31-2(1955) July 16. 


REPRESENTATIVE HOLIFIELD ON RADIATION DANGER; CONDENSATION OF ADRESS, 
JUNE 28, 1957. C. Holifield. Bull. Atomic Scientists 13, 268(1957) Sept. 


RESEARCH IN THE EFFECTS AND INFLUENCES OF THE NUCLEAR BOMB TEST EXPLOSIONS. 
VOLUME I AND II. Ueno, Tokyo, Japan Society for the Promotion of Sciences, 
1956. 1837p. 


RESIDUAL CONTAMINATION OF PLANTS, ANIMALS, SOIL, AND WATER OF THE MARSHALL 
ISLANDS TWO YEARS FOLLOWING OPERATION CASTLE FALLOUT. H. V. Weiss (U.S. 
Naval Radiological Defense Lab., San Francisco). p. 205-10 in "THE SHORTER- 
TERM BIOLOGICAL HAZARDS OF A FALLOUT FIELD." Gordon M. Dunning and John A. 
Hilcken, eds. Washington, Atomic Energy Commission - Department of Defense, 
1958. 236p. $1.75(GPO) 


RETENTION AND EXCRETION OF RADIOSTRONTIUM IN MONKEYS. A. H. Ward. J. Nuclear 
Energy 5, 192-202(1957) . 


RETENTION OF SUB-MICRON AEROSOLS IN THE HUMAN RESPIRATORY TRACT. J. N. 
Stannard and P. E. Morrow (Univ. of Rochester, N.Y.). p. 189-95 in 

"THE SHORTER-TERM BICLOGICAL HAZARDS OF A FALLOUT FIELD.” Gordon M. 
Dunning and John A. Hilcken, eds. Washington, Atomic Energy Commission - 
Department of Defense, 1958. 236p. 9$1.75(GPO) 
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